LOAN  DOCUMENT 


PHOTOGRAPH  THIS  SHEET 


2 


LEVEL 


INVENTORY 


1  _ 

J  DOCUMENT  IDENTIFICATION 

i  _ _ 

DISTRIBUTION  STATEMENT  A 

Approved  for  Public  Release 
,  Distribution  Unlimited 

/  DISTRIBUTION  STATEMENT 

iro""  .  H  I  F 


unc  nuc  □ 

UNANNOUNCED  □ 

justification 


BY 


DISTRIBUTION/ 

AVAILABILITY  CODES 

DISTRIBUTION 

AVAILABILITY  AND/OR  SPECIAL  | 

xv\ 

DISTRIBUTION  STAMP 


DATE  ACCESSIONED 


DATE  RETURNED 


19990609  027 

DATE  RECEIVED  IN  DTIC  REGISTERED  OR  CERTIFIED  NUMBER 


PHOTOGRAPH  THIS  SHEET  AND  RETURN  TO  DTIC-FDAC 


DTIC^TOA 


DOCUMENT  PROCESSING  SHEET 

LOAN  DOCUMENT 


immwm  iuv  lima  mi 

STOOL  IS  EXHAUSTED. 


w & > n  Shhs  w r  o  2 > a 


United  States 
Environmental  Protection 
Agency 


EPA- 600 /R- 98-016 
February  1998 


SEPA  Research  and 

Development 

DEMONSTRATION  OF  A 

PAINT  SPRAY  BOOTH 

EMISSION  CONTROL  STRATEGY 

USING  RECIRCULATION/ PARTITIONING  AND 

UV/OZONE  POLLUTANT  EMISSION  CONTROL 

Volume  1.  Technical  Report 


Prepared  for 


Strategic  Environmental  Research  and 
Development  Program 


Prepared  by 

National  Risk  Management 
Research  Laboratory 
Research  Triangle  Park,  NC  2771 1 


DTIC  QUALITY  INSPECTED  4 


FOREWORD 


The  U.  S.  Environmental  Protection  Agency  is  charged  by  Congress  with  pro¬ 
tecting  the  Nation's  land,  air,  and  water  resources.  Under  a  mandate  of  national 
environmental  laws,  the  Agency  strives  to  formulate  and  implement  actions  lead¬ 
ing  to  a  compatible  balance  between  human  activities  and  the  ability  of  natural 
systems  to  support  and  nurture  life.  To  meet  this  mandate,  EPA's  research 
program  is  providing  data  and  technical  support  for  solving  environmental  pro¬ 
blems  today  and  building  a  science  knowledge  base  necessary  to  manage  our  eco¬ 
logical  resources  wisely,  understand  how  pollutants  affect  our  health,  and  pre¬ 
vent  or  reduce  environmental  risks  in  the  future. 

The  National  Risk  Management  Research  Laboratory  is  the  Agency's  center  for 
investigation  of  technological  and  management  approaches  for  reducing  risks 
from  threats  to  human  health  and  the  environment.  The  focus  of  the  Laboratory’s 
research  program  is  on  methods  for  the  prevention  and  control  of  pollution  to  air, 
land,  water,  and  subsurface  resources;  protection  of  water  quality  in  public  water 
systems;  remediation  of  contaminated  sites  and  groundwater;  and  prevention  and 
control  of  indoor  air  pollution.  The  goal  of  this  research  effort  is  to  catalyze 
development  and  implementation  of  innovative,  cost-effective  environmental 
technologies;  develop  scientific  and  engineering  information  needed  by  EPA  to 
support  regulatory  and  policy  decisions;  and  provide  technical  support  and  infor¬ 
mation  transfer  to  ensure  effective  implementation  of  environmental  regulations 
and  strategies.  6 

This  publication  has  been  produced  as  part  of  the  Laboratory's  strategic  long¬ 
term  research  plan.  It  is  published  and  made  available  by  EPA's  Office  of  Re¬ 
search  and  Development  to  assist  the  user  community  and  to  link  researchers 
with  their  clients. 


E.  Timothy  Oppelt,  Director 

National  Risk  Management  Research  Laboratory 
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PREFACE 


This  report  „ 
Pollution  Prevention 


Contract  68-D4-01 1 1  with  Acurex  F.nWn  nm!ti  ^  deve,oped  this  document  under  EPA 
View,  CA,  94039.  Environmental  Corporation,  555  Clyde  Avenue,  Mountain 

reduotio^^S"^1, tHe  ***  C“0".  *«. 

Program.  Phase  I  consisted  of  a  detailed baseline'evaf  ^ ^  Teclmol°®'  Demonstration 
operated  at  the  Barstow  Marine  Corps  Pain' W  b°°,hs 

air  toxic  emission  profiles  This  information  u^c  a*  ■  ^ey  operating  parameters  and 
partitioning  system  for  the  oaint  hnnthc  in  i  f  t0  deSlgn  a  safe  recirculation/flow 
exhaust  flow  rate  Under  Phase  II  the  necT  ^  u  ^  t0  efFlcientIy  reduce  the  overall 
were  made,  and  the  «*  modifications 

agreem^Z^nTul'^rCo™  ',*”-****  *»  executed  via  cooperative 
Prevention  and  Control  Division  (APPCDp  ™6  D,rectorate  “d  the  EPA's  Air  Pollution 
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SECTION  1 
INTRODUCTION 


Developing  energy  efficient  and  cost-effective  strategies  for  controlling  emissions  of 
voto  e  organic  compounds  (VOCs)  and  hazardous  air  polluLs  from  pate  app“ 
p  ocesses  is  a  key  objective  of  the  U.S.  Environmental  Protection  Agency  (EPA)  and  the 
rteparnnem  of  Defense  (DoD).  Both  the  EPA  and  the  DoD  have  spfn  Jed  extensive  lLarch 
and  development  programs  that  focus  on  new  approaches  and  innovative  solutions  to  reduce  the 
nomic  and  operational  impacts  of  controlling  low  concentration  VOC  emission  sources. 

In  the  Fall  of  1 993,  the  EPA's  Air  Poll  ution  Prevention  and  Control  Division  ( APPCDi 

DevdopmemPro^m  tSERDPtT  un<k|*  the  Strategic  EnvironmemalResearctoanc^ 

ueyelopment  Program  (SERDP)  to  launch  a  comprehensive  technology  demonstration  program 

USMC^tatlprvtoo^ClT'T5  f°r,C0St  effeCtiVe'y  controIlin8  VOC  emissions  from 
paint  spray  booths.  The  Marine  Corps  Logistics  Base  in  Barstow  CA  (MCLBi  was 

hLh^nrnH  S  f St  r*6  ^  ^  EPA/USMC  Technology  Demonstration  Program  MCLB  is  a 
high  production  facility  that  generally  operates  year  round  at  two-three  shifts  per  day  These 

rSah?i«w!h0nS  Pr0Vlde  “ ldeal  situation  for  conclusively  demonstrating  the  viability  and 
Demnn^tr  J  °  p  *  Van°U?  technological  innovations  that  were  considered  in  the  EPA/USMC 

T  P.r0gram-  Moreover’  unlike  most  programs  of  this  type,  MCLB  intends  to 
tain  the  hardware  and  system  modifications  that  were  installed  for  the  EPA/USMC 

emonstration  Program^  This  will  provide  program  participants  with  the  opportunity  to  conduct 
a  realistic,  long-term  performance  evaluation  of  these  innovative  strategies. 

The  EPA/USMC  Technology  Demonstration  Program  consisted  of  two  major  system 
design  and  installation  efforts  which  were  carefully  coordinated  and  integrated  to  ensure 

Sfir  f  ?  °“  Jbe  firSt  eff0rt  entailed  comprehensive  ventilation  system 
odifications  to  several  of  the  paint  spray  booths  operated  at  MCLB.  The  objective  of  these 

“r  WatV°  Slgn!f Cantly  reduce  the  exhaust  volume  flow  rate  from  these  sources 
thereby  reducing  the  installation  and  operating  costs  associated  with  add-on  emission  controls 

e  second  effort  focussed  on  the  installation  and  optimization  of  an  innovative  air  pollution 
con  o  system  that  relies  on  ultraviolet  light  and  ozone  to  eliminate  the  VOCs  present  in  the 

theTlV/O  ^  Stream'  Tf!e  feSU,tS  °f  thC  »*"*  ^  modification/evaluation  efforts  and 

EPA^m?t  TT”  n  SyStCm  installation/optimization  activities  completed  under  the 
EPA/USMC  Technology  Demonstration  Program  are  documented  in  this  final  report  This 

program  which  concluded  in  the  Fall  of  1996,  was  conducted  under  the  auspices  of  the  U.S. 

EPA  and  the  U.S.  Marine  Corp  from  funding  made  available  by  the  EPA  and  the  DoD. 


1 


1.1  background 

evalua.ion'anJdwnOT^^tion^oCTam^th0^^1'111^  **%*  *  COmprelK"s™  otology 

effective  VOC  aSS Z™  o '  obJ“tive  of  , demising  and  evaluating  cost- 

first  phase  of  that  program  which  focused  on  77,77  ,h  applications  The  msults  of  the 

emission  control  costs  indicated  that  !£. *  °"ca"d ?  process  modifications  for  reducing 
simply  to  reduce  StsffloJ “d  effective  W™*  was 
the  exhaust  volume  flow  rate  allows  a  corre^nn  a™  efaint  aPP^cation  processes. 1  Reducing 
cost,  and  operating  requirements  of  the  emission  conn-6]  jCtl0n  JIltbe  Slze’  caPacity,  installation 
installation  cost  of  a  2  832  m3/minn  00  000  ft3/  '  ^  evice-  For  example,  the  capital  and 

^°h  utiOflC°ndD*  ^tem^APCSj'is  a^rodmatety  $1^^ OOO^^doHareMq  °X' jIZer  a*r, 

JSrs  t ’■  r  ^ ^ 

$49,000 ,0  $27,000  (equipment  cos,  datasupphdd  tC")™ 

EPA/Ai™:r^z, Ze^^T of  Hflo: ****  were  ■»**  a~ *.  «* 

(OSfh4^anffthe  National  Fire 

EPAprogramarcdiscuSeflS^^ 

Force  ££? SStt  ^7'°"  T*"  -  **  EPA/Air 

the  remainder  of  the  exhaust  is  recircnlat  Y  *  P0*10"  of  the  booth  exhaust  to  an  APCS; 

^ « * » epai 

from  fie'd  stud.es  developed^  EPA 

ZjdSnt  Ate  a?e“™  oordtafion  ^dmvieXte  EMOSm"lW"alth 

the  1985  edition  of  NFPA  33,  section  5  5.”  '  KVlS'0n  Ca"  be  found  in 

Throughout  titis  recirculation  review  period,  EPA  and  Air  Force  continued  to 

effort^ cul^  ^t  IT'6  77ml  improvemen,s  t0  *e  basic  recirculation  technology  These' 
efforts  culminated  in  the  development  of  an  enhanced  flow  reduction  strategy  lomwn  as 

further  hi c rease  in  the^e  ^ ^amg’  addltio"  ofthe  flow  partitioning  enhancement  enables  a 
further  increase  in  the  recrculatton  rate,  and  correspondingly  an  additional  decrease  in  the 
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U.S,  Department  of  Labor 

R*pJy  to  the  AiWrtcn  cfi 


M  16  EB3 


sis.an  P-.  Wyatt,  Chief 

ruTmlcsls  p^^rdi!22 

Eaiesion  Standard*  Division 

U.S.  Environaental  Protection  Agency 

Office  of  Air  Cuality  Planning  and  standards 

Research  Triangle  Park,  North  Carolina  27711 

De?r  Ms.  Wyatt: 


This  is  in  response  to  your  letter  cf  October  31,  1989, 
concerning  the  Occupational  Safety  end  Health  Adain-stration 
(CSHA)  regulation  at  29  CFR  1910.107(d)(9)  which  proh^b-ts  the 
recirculation  of' exhaust  air  froa  spray  finishing  operations. 
Please  excuse  the  delay  in  response. 

As  you  are  aware,  29  CFR  1910.107  was  adopted  iron  the  NFFA  33- 
:r>69,  Standard  for  Spray  Finishing  Using  Flaraable  and  Coabust- 
ifcle  Materials.  The  NFPA-3  3  standard  is  explicitly  a  *ire  and 
.-xrlosicn  safety  standard.  Therefore,'  the  OSEA  standard  at  29' 
CFR  1510.107  pertains  to  the  prevention  of  workplace  : 

exulosicii  hazards  and  does  not  pertain  .o  health  considerations. 

Although  the  N7?A  has  updated  their  standard  *i*c*  the  1969 
edition,  OSHA  has  not-  As  a  result,  the  current  N7.-A  33-1985, 
Spray  Application  Using  Flasnaile  and  Ccabustible  Mate-^als, 
reflects  the  tost  up  to  date  state  cf  the  art  concerning . the 
_ .  i  ^ iu2ri.ncr  finishing 

operations . 

Under  an  CSHA  policy  for  "de  siniais  violations",  eaplcyers  are 
enccuraced  to  abide  by  the  sost  cuirrent  consensus  standard 
aoplicabie  to  their  operations,  rather  than  with  the  standard  in 
affect  at  the  t ire  of  the  inspection  when  the  eaplcyer  s  action 
provides  equal  or  greater  eaployee  protection.  D«  t-n——* 

violations  are  violations  of  existing  OSHA  standards  which  have 
- -  .  *  *  1  2  mm  ^  Kai  *  ^  n  SUCA 

no  direct  o?  xsaeciaoe  -r  - 7 --  -r?”" — ~ 

violations  of  the  OSHA  standards  result  in  citation,  no 
penalty  and  no  regaired  aba  tenant.  A  copy  oi  the  OSHA  policy  for 
de  ainiais  violations  is  enclosed. 


Figure  1.  Supplemental  OSHA  Documentation  Pertaining  to  Recirculation  (page  1). 


Esployers  vfao  fully  coaply  with  th«  « pacification*  and  require- 
»«nts  of  the  ktpa  33-1989,  concerning  the  recirculation  of 
exhaust  air  to  an  occupied  spray  booth,  vould  not  b«  cited  under 
29  CTR  1910.107(d)(9)  under  the  policy  for  de  ainisis  violations. 
Hovever,  the  quality  of  the  respirable  air  in  the  booth  aust 
coaply,  at  a  ainisua,  vith  the  requirexenta  set  forth  by  29  CFR 
1910.1000  which  establishes  persissible  exposure  liaits  (pel's). 


If  ve  aay  be  of  further  assistance, 


please  contact  us. 


Figure  2.  Supplemental  OSHA  Documentation  Pertaining  to  Recirculation  (page  2). 


exhaust  flow  rate.3 


paint  booth  at  TravisAiY^  successfully  demonstrated  in  a  small 

did  not  include  integration  of  the  booth  ventilation  c  wever.  the  Travis  AFB  demonstration 

recireulatiwi^cw^rtit/oihng  technolo^^ar^provittedha  S«tion2n^0^^^^1^^l*^”an^ 

a  « +  T!le  ^PA/USMC  Technology  Demonstration  Program  combines  several  new  Vnttino 

'  r‘  'he  1,00,1,8  w°uld  3lways  operate  ln  compliance 

safe^  regulations,  a  VOC  muring  strata S3 SSld  “4 
concentrahon  data  was  developed  and  installed  to  continuously  monitofconshtuent 
concentrations  in  the  recirculation  ducts.  Furthetmora,  to  minLi™ Ihe  impf, 71„, 


discussed  deS|tthrmariZ'! theSe  'nnovative  “Pee*  of  the  Demonstration  Program,  and 

— t  ^ss^sassrsia.sss'  “ 

SSSSl^J* 

1.2  PROGRAM  OBJECTIVE 

system.  The  research  activities  undertaken  to  develop  the  UV/Ozone  APCS  system 
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implemented  on  the  full  scale  UV/ Ozone  APCS  toX*. enhan«">en«  could  then  be 
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OVERALL  PROGRAM  APPROACH 


and  J£  Technology  Demonstration  Program 

and  was  implemented  in  three  separate  phases:  ^ 


was  initiated  in  the  Fall  of  1 993, 


Phase  I 
Phase  II 


operations 


Phase  m  - 


Baseline  evaluation  of  existing  Barstow  paint  spray  booth 

TTie  design  and  installation  of  the  recirculation/flow  partition  system 

3  C°mPle,e  charac,en'L«on"mrm 
oonfiZit  h  l  e  y  Pn°r  “  ^  “"Action  modifications  to 
baseline  study*^  0peratl0Ils  <*'d  not  change  significantly  after  the 

The  demonstration  and  testing  of  the  recirculation/flow 


system. 


partition 


The  approach  that  was  adopted  to  successfully  complete  these  phases  is  summarized  below. 
13.1  Baseline  Characterization  Study 

recirculation/flow  p^filrir^s^  WaV°  deveIoP  a  and  efficient 

summarized  ***  “d  Sample -Wi  activities,  which  are 

2) 

recirculation  calculations  that  were  Derformed  a°d  tif  *****  relating  t0  the 

that  were  addressed  are  provTd^m  Co™?  “*  "V  ^  °"d  "»* issues 

3) 

important  s.te-specific  issues  such  as  exhaust  filter  system  requirements  for 
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protecting  the  downstream  APCS,  fan  system  and  make-up  air  intake  configurations 

S~ni'0re’ e,C'  SeV6ral k^ss““ were addressed 
unng  Step  3  of  the  Baseline  Characterization  Phase  are  discussed  in  Section  5  Two 

p^^ystem  constramts  that  relate  to  booth  design  were  also  addressed  during  this 
Phase.  These  constraints  (discussed  in  detail  in  Section  2)  include: 

Thewncentration  of  hazardous  constituents  in  the  recirculation  stream 
(which  dictates  the  level  of  recirculation  that  is  achievable);  and 


The  100  fpm  volume  flow  rate  level  required  by  OSHA  (which  dictates 
tne  size  and  capacity  of  the  ventilation  equipment  and  the  APCS). 

1.3.2  Booth  Ventilation  System  and  APCS  Installation 


Phase  II  of  the  EPA/USMC  Technology  Demonstration  Program  consisted  of  two 
separate  design  and  construct  efforts  which  were  completed  in  parallel  One  of  the 

exterior  stnchCt'°t  eff°m  ""  retrofittin«  ,he  P"'"*  boo*  ventilation  system  and 

extenor  structures  to  accommodate  recirculation/flow  partitioning.  Information  relating  to  some 

slcfion  7  7he  MnnRSyS,eTh  °nllderati0ns  “d  <tecisions  are  s“"""urired  briefly  in 

r‘i,afdn  7*™' TR" enlspecifiedintheCdS 

chan^s;zrsi“  itfica,ions  ,0  confinn  ,hat  boo,h  opera,ions  did  not 

?™fthe  UV/Ozone  777°°?  ."’0<i,,lcat'on  team  coordinated  their  design/construct  efforts 
with  the  UV/Ozone  APCS  installation  team  to  ensure  efficient  system  integration. 

133  Technology  Demonstration  Study 

,1  ♦  g0al°fthe  third  and  final  Phase  of  this  Demonstration  Program  was  to  characterize 

mint  SDravbMthTTh06  0rfhe  recircidation/flow  partition  systems  installed  on  each  of  the 
paint  spray  booths.  The  performance  characterization  activities  included  assessing  the  health 

and  safety  aspects  of  the  recirculation  system  (discussed  in  Section  5),  estabSng  th  viab  hty 
of  mi  innovative  safety  monitoring  system  (discussed  in  Section  2),  and  evaluating  the  overall 
performance  of  the  booth  operations  after  the  retrofit  activities  were  completed.  § 
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SECTION  2 

TECHNOLOGICAL  INNOVATIONS  OF  THE  PROGRAM 


The  EPA/USMC  Technology  Demonstration  Program  encompasses  several  technological 
innovations;  indeed  the  primary  objective  of  this  program  was  to  demonstrate  the  viability  of 
these  technologies  at  a  full  scale  production  facility.  Although  the  technologies  discussed  in  this 
section  are  truly  innovative  and;  therefore,  are  not  in  widespread  use,  Barstow  MCLB  considers 
these  retrofit  modifications  to  be  permanent  installations,  and  as  such,  will  rely  on  their 
continual  and  successful  operation  well  into  the  next  centuiy.  This  was  a  key  consideration  in 
the  overall  design  and  installation  approach  employed  for  retrofitting  the  paint  booths.  This 
section  focuses  on  the  various  technological  innovations  included  in  this  demonstration  program. 

2.1  RECIRCULATION/FLOW  PARTITIONING  CONCEPT 

There  are  numerous  advantages  to  recirculation  ventilation,  including  energy  efficiency, 
cost  effective  ventilation  system  operation,  and  a  significant  reduction  in  air  pollution  control 
system  capital,  installation,  and  operating  costs.  The  energy  efficiency  and  cost  effectiveness  of 
recirculation  is  a  function  of  the  recirculation  rate;  thus  maximizing  recirculation  will  also 
maximize  system  efficiency  and  cost  savings.  However,  as  indicated  in  Section  1,  the  volume  of 
air  that  may  be  recirculated  is  limited  by  various  safety  requirements  relating  to  permissible 
exposure  levels  and  minimum  booth  ventilation  rates,  as  specified  by  OSHA.  Therefore,  a  safe 
and  efficient  recirculation  system  will  maximize  the  recirculation  rate,  yet  ensure  compliance 
with  applicable  OSHA  requirements. 

A  common  recirculation  ventilation  strategy,  known  as  simple  recirculation,  is  illustrated 
schematically  in  Figure  3.  In  simple  recirculation,  a  portion  of  the  booth  exhaust  is  removed 
through  a  bleed-off  duct  and  vented  to  an  emission  control  device.  The  remainder  of  the  exhaust 
passes  back  into  the  booth  via  a  recirculation  duct  connected  to  the  exhaust  plenum.  Prior  to  re¬ 
entering  the  paint  booth,  the  recirculated  air  is  mixed  with  fresh  make-up  air  which  is  introduced 
to  replace  the  bleed-off  air.  As  discussed  in  detail  below,  the  OSHA  regulations  which  govern 
recirculation  system  operations  specify  that  the  hazardous  constituent  concentrations  in  the 
recirculation  stream  must  not  exceed  safe  levels.  In  simple  recirculation,  the  hazardous 
constituent  concentrations  in  the  recirculated  stream  are  the  same  as  in  the  bleed-off  stream,  thus 
the  flow  reduction  achievable  by  simple  recirculation  is  limited  by  the  bulk  exhaust  stream 
concentration.  Therefore,  it  follows  that  recirculation  may  be  safely  enhanced  by  configuring 
the  ventilation  system  such  that  the  hazardous  constituent  concentrations  in  the  bleed-off  stream 
are  higher  than  in  the  recirculation  stream.  This  enhancement  is  achieved  via  recirculation/flow 
partitioning,  which  is  illustrated  schematically  in  Figure  4. 
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Figure  3.  Schematic  diagram  of  simple  recirculation. 


Figure  4.  Schematic  diagram  of  recirculation/flow  partitioning. 
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>; 


that  n^nrC  recircalatlon/flow  Partitioning  system  takes  advantage  of  constituent  stratification 
that  occurs  naturally  in  a  laminar,  cross-flow  paint  booth.  The  recirculation/flow  partitioning 

befowT^  lCf  I0"  f3f  ^  S°lid  and  Vap°r  Phase  constituents  tend  to  remain  It  or 
below  the  level  at  which  they  are  released  in  the  paint  booth.  This  system  withdraws  air  from 

Ind  d°0tht^he  that  haS  thC  h!gheSt  Paint  oversPray  Particulate  and  solvent  vapor  concentrations 
d  directs  this  contaminated  air  to  an  air  pollution  control  system.  Correspondingly 

recirculated  air  isdrawn  from  the  zone  within  the  booth  that  has  the  lowest  constituent 
concentrations.  The  recirculation/flow  partitioning  strategy;  therefore,  safely  enhances  the 

1 levST  T  an^ostefrfctiveness  of  Paint  booth  ventilation  system  operation  beyond  the 
level  that  is  achieved  by  simple  recirculation. 

under  nmimtpiM !”Sec,ion  thf  rec'rculation/flow  partitioning  technology  was  developed 
under  a  joint  EPA/Atr  Force  recirculation  technology  study  at  Hill  AFB.3  Significant  constituent 

f0”  w  f°,U"d  t0  the  P3'"' boo,hs  that  were  ,es,edi based  on  these  findings,  the 

concept  of  selectively  recirculating  from  relatively  low  concentration  zones  in  the  booth  was 
developed. 


2.1.1  General  Recirculation/Flow  Partition  System  Design  Considerations 


Numerous  system  design  and  implementation  issues  must  be  addressed  in  developing  a 
safe  and  efficient  recirculation/flow  partition  system.  The  key  safety  requirements  that  must  be 
consideret1  are  contained  in  federal  health  and  safety  regulations  codified  in  the  NFPA  Standards 
and  the  Code  of  Federal  Regulations  (CFR).  Other  design  issues  that  should  be  considered 
include  fan  system  requirements  for  ensuring  consistent  booth  ventilation  flow  rates,  safety 
monitoring,  and  constituent  concentration  profiles  at  the  exhaust  face  (necessary  for’calculating 
the  partition  height).  These  issues  are  discussed  separately  below. 


Safety  Regulations  Codified  in  NFPA  33:  The  NFPA  33  standard  is  primarily  motivated  by 
concerns  relating  to  fire  and  explosion  hazards.2  As  such,  the  overriding  section  of  the  standard 
that  impacts  recirculation  limits  the  airborne  concentration  of  flammable  compounds  to  less  than 
25  /o  of  the  compound  lower  explosion  limit  (LEL).  However,  the  LELs  for  solvents  typically 
present  in  paint  booth  operations  are  much  higher  than  the  allowable  worker  exposure  levels 
mandated  by  OSHA  (discussed  in  detail  below).  Therefore,  by  complying  with  the  OSHA 
exposure  limit  requirements,  the  NFPA  standards  are  automatically  met.  For  example,  the 
allowable  8-hour  worker  exposure  limit  for  xylene  is  100  ppm,  the  LEL  for  xylene  is  10,000 
ppm,  thus  25%  of  the  LEL  is  2,500  ppm.  Therefore,  if  the  recirculation  system  is  properly 
designed  to  comply  with  OSHA  requirements  (i.e.  the  organic  constituent  concentrations  remain 
well  below  the  100  ppm  exposure  limit),  the  recirculation  system  will,  by  default,  comply  with 
the  2,500  ppm  LEL  limit  specified  in  the  NFPA  33  standards. 


Applicable  Health  and  Safety  Requirements  Mandated  in  the  CFR:  The  safety  requirements  that 
impact  the  recirculation/partition  flow  design  are  codified  in  29  CFR  1910.94  (which  governs 
minimum  required  ventilation  flow  rates  that  must  be  maintained  in  occupied  paint  spray 
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'h910,107  (Wh,Ch  rifies  eXhaUS‘ **“  “"fixation  requirements),  and 
29  CFR  1 9 1 0. 1 000  (which  governs  worker  exposure  to  hazardous  constituent  concentrations), 

..  29  CFR.1910.94  requires  that,  for  spray  enclosures  in  which  non-electrostatic  paint 
application  equipment  is  used  (such  as  the  HVLP  systems  employed  at  Barstow  MCLB)  a 
minimum  .near  velocity  of  100  feet  per  minute  (fpm)  must  be  maintained  through  the  booth  ’ 

To  ensure  that  this  safety  requirement  is  met  for  any  and  all  equipment  configurations  that  me 
encountered  in  the  Barstow  MCLB  paint  booths,  the  booth  ventilation  system^ were  delic  to 
maintain  a  minimum  100  fpm  linear  velocity  iiTespective  of  the  size  or  configuration  of  the 

Zrah'eCV  ,S  In  addi,i0n-  29  CFR  1910'94  reftrs  10  Standald  33  and  specifies 

Iwrtf  Vap°r  concentra,ions  remain  Wo*  acceptable  explosion  limits;  as  indicated 
above,  this  requirement  ,s  met  ,f  the  system  is  properly  designed  to  conform  wrth  allowable 
worker  exposure  limits  specified  by  OSHA. 

„  .  29CFR  19!°; 107  1X5113,1155 t0  spray  finishing  operations  in  which  flammable  and 

combustible  materials  are  employed.6  In  fact,  subpart  (d)(9)  specifically  states  “Air  exhaust 
rom  spray  operations  shall  not  be  directed  so  that  it  will  contaminate  makeup  air  being 
introduced  into  the  spraying  area...”.  It  further  states  “Air  exhausted  from  spray  systems  shall 

XS™  f  the’ » dttHM ’i  07  indi,Ch,ed  by  °SHf  in  ,heir  lnterpretlve  le«CT  (Kg-re  D,  the 
objective  ot  the  29  CFR  1910. 107  prohibition  is  similar  to  that  of  the  29  CFR  1910  94 

regulation;  namely,  it  is  intended  to  minimize  fire  and  explosion  hazards  and  is  not  related  to 

worker  hcald,  issues.  The  Figure  1  text  continues  to  state  that,  if  the  recirculation  systtTis 

/signed  to  ensure  compliance  with  worker  exposure  limits  (codified  in  29  CFR  1910. 1000  and 

iscussed  in  detail  below),  then  the  prohibition  indicated  in  subpart  (d)(9)  is  not  applicable. 

.  .  ThC  of  29  CFR  1910  1000  is  to  Prevent  worker  exposure  to  excessive  levels  of 

hazardous  airborne  constituents;  as  such,  OSHA  has  mandated  that  the  hazardous  constituent 
concentrations  contained  m  the  respirable  air  must  remain  below  established  safety  limits  7 
Because  the  recirculation  rate  impacts  the  quality  of  respirable  air  in  the  booth  (along  with  other 

blseTn^th  3S  air?ow  pattems  m  the  booth>  terget  configuration,  etc.),  it  must  be  calculated 
based  on  these  safety  limits. 


OSHA  has  defined  three  exposure  limits  below  which  the  respirable  air  constituent 
concentrations  must  be  maintained: 


1 )  8-hour  time  weighted  average  (TWA)  constituent  concentrations  known  as 
Permissible  Exposure  Limits  (PELs). 

2)  1 5-minute  time  weighted  average  (TWA)  constituent  concentrations  known  as  Short 
Term  Exposure  Limits  (STELs). 

3)  Ceiling  limits  referred  to  as  Immediately  Dangerous  to  Life  and  Health  (IDLH). 
Under  no  circumstances  are  hazardous  concentrations  to  exceed  IDLH  values. 
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Ml  most  eXP°SUre  limi'  °f‘h0Se  ^  fterefore 


and  the  American  Conference  of  Govemmlma!  UIted°f  °C^atIonal  Safety  and  Health  (NIOSH) 
their  own  TWA  levels  for  various  SS  that  ^enistsiACGIH)  have  established 
controlling  worker  exposure  levds S?  **  F*  ?  &****  for 
Limit  Values  (TLVs)  and  the  NIOSH  RecomminlTp^  T3  **  ACGIH  Threshold 

on  10-hour  time  weighted  average  limits.  Both  NIOSHand  ACGIH  h  ***  ^P‘Cal,y  based 
term  limits  and  ceiling  limits.  d  ACGIH  have  aIso  established  short 

this  compound.  Conversely  NIOSH  hie  3’  ^  n0t  CUrrent,y  have  an  8  hour  PEL  for 
(rather  tZ  as  CtolS  -  Cr« 

D=“:n„*  t:'a' To  r'lwir5  under  ,he  Ep^MCT;iF„ce  purpose 

1,sheh  Ii,erar «  ^ 1,m,t 

^Vs,  or  other  hntits)  are  refetred  as' 

^ofha^^ 


[i concentration ] 
TWA. 


(1) 


Where: 

[cotKentration),  -  Concentration  of  specific  hazardous  constituent 

1 WA  of  specific  hazardous  constituent 
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TTiis  equation,  typically,  is  applied  only  to  compound  groups  that  have  additive  medical 
efteets.  However,  to  ensure  more  conservative  results  for  the  EPA/MCLB  Technology 
Demonstration  Program,  all  hazardous  constituents  were  grouped  together,  and  a  single  additive 
rule  calculation  was  performed.  Moreover,  USMC  stafTelected  to  apply  an  additional  safety 
factor  of  two  m  addition  to  the  safety  factor  inherent  in  the  PPE  worn  by  the  booth  operators. 
Thus,  the  actual  OSHA  additive  equation  (subsequently  referred  to  as  OSHA  Factor)  employed 
to  derive  the  partition  height  and  associated  recirculation  rate  for  the  EPA/USMC  Technology 
Demonstration  Program  was:  6-7 


n 


E 


[< concentration ]. 
TWA 

l 


*  0.65  ( Booth  1) 


E 


/=! 


[concentration]. 

~TWA. 


0.5  ( Booths  2,3) 


(2) 


Qthgr  System  Desipi  Considerations:  Several  other  design  elements  were  considered  to  derive 
the  appropriate  partition  height  (and  associated  recirculation  rate)  and  to  ensure  compliance  with 
OSHA  safety  requirements.  For  example,  the  tendency  of  paint  overspray  particulate  to  remain 
m  the  lower  portion  of  the  booth  necessarily  implies  that  the  particulate  will  preferentially 
deposit  in  the  filter  medium  located  in  the  lower  zone  of  the  exhaust  face.  As  the  exhaust  filter 
becomes  loaded,  the  medium  in  the  lower  zone  fills  more  rapidly,  and;  therefore,  develops  a 
relatively  higher  resistance  (or  pressure  drop)  compared  to  the  medium  in  the  upper  zone.  This 
can  cause  the  ventilation  air  from  the  lower  (highly  contaminated)  zone  of  the  booth  to  migrate 
into  the  upper  region  of  the  exhaust  face,  thence  into  the  recirculation  stream.  Under  these 
conditions,  the  recirculated  constituent  concentrations  could  possibly  exceed  the  safety  levels 
mandated  by  OSHA. 


This  condition  can  be  avoided  by  carefully  monitoring  and  controlling  the  ventilation 
flow  rates  to  maintain  consistent  operation  irrespective  of  the  pressure  drop  across  the  exhaust 
filters  in  front  of  the  upper  and  lower  plenums.  Constant  flow  rates  are  maintained  in  the  MCLB 
booths  modified  under  the  EPA/USMC  Technology  demonstration  Program  using  variable 
frequency  drive  (VFD)  controlled  fan  motors  integrated  with  flow  rate  sensors;  as  the  pressure 
drop  across  the  lower  exhaust  face  increases  to  the  point  where  it  impacts  the  exhaust  flow  rate, 
the  sensors  in  the  exhaust  duct  detect  the  change,  and  adjust  the  VFDs  to  maintain  the  correct 
flow  rate. 

Along  with  adequately  addressing  flow  monitoring  and  control  issues,  a  key  element  that 
should  be  incorporated  in  all  recirculation  system  designs  is  a  safety  monitoring  system  which 
ensures  that  the  hazardous  constituent  concentrations  in  the  mixed  recirculation/fresh  make-up 
air  remain  below  established  safety  levels.  Although  installing  such  a  monitor  is  not  required  by 
either  OSHA  or  NFPA,  it  is  considered  good  engineering  practice  to  do  so  because  it  provides  an 
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with  100  percent  fresh  make-uD  air  themhv  £.  ^  ThlS  3  0WS  tbe  bootb  t0  be  flushed 

Details  relating  to  the  MCLB  mint  hnnth  *  mg  the  booth  t0  a  safe  operating  environment, 
relaxing  to  me  MCLB  paint  booth  safety  monitors  are  provided  in  Section  2.3. 

partition^”  ^  f<>r  -  -**«  recculauon/flow 

I“0US  fnstituent  “■'““ration  profile  at  the  exhaust  face  this  provides  kev 

Exte^' na,mZ.h'0nhneCffSar>' ,0  deten"ine  the  appr°Pnate  Partition  heigltt 
rhc  ,P‘m  ^  exhaust  face  testing  was  performed  during  the  Baseline 

th“n '££*  (SeCH°n  4)  •“  ^ ,he  Pr0f"e  da“  »  fop  determining 

2)  The  collection  efficiency  of  the  exhaust  filter  system;  this  is  particularly  critical  for 

hexavalem  chromh, m*  T  W|!"Ch  inorSanic  hazardous  constituents  such  as 

hexavalent  chromium  or  phosphoric  acid.  For  the  Barstow  MCLB  Demonstration 

Program,  three-stage  high  efficiency  filters  were  installed  in  each  of  the  na  m  bZhs 

3ar'ZePZffiratet“MM('0,n  aZ  00rresP°ndln«|y.  hexavalent  chrom.um 
“  Z  parrhion  height  calculations  (discussed  in  Section  4)  performed  for 

andtotolchrome0"  b<>0thS  3  "%  f,ltra,i0n  effic,“c>' f“  hexavalent 

3)  Booth  volumetric  flow  rate;  this  is  dictated  by  the  100  fpm  minimum  velocity 
requirements  established  by  OSHA  and  the  booth  cross  sectional  area. 

2.1.2  Methodology  for  Calculating  Partition  Height 

exoressi^for  theT  !”  ^alcuIating. the  aPProPnate  partition  height  is  to  derive  a  mathematical 
expression  for  the  hazardous  constituent  concentrations  occurring  in  the  recirculation  duct  as  a 

height  I* 1S  also  necessary  to  define  system  limits  with  respect  to  the 

oart  hnn  LT  .  !  CXample’ USMC  Staff  provided  guidance  mandating  that  the 

partition  height  be  selected  to  ensure  that  the  limit  established  by  Equation  2  apply  to  the 

recirculation  air  upstream  of  where  it  is  mixed  with  fresh  make-up  am  By  consEng  the 

quality  of  the  recirculated  air  as  it  exits  the  booth  to  the  0.5  OSHA  Factor  limit,  a  significant 

ftefrial desig^  mC  Uded  m  the  calcu,ation>  because  no  dilution  factor  benefit  is  considered  in 

The  mathematical  expression  for  determining  a  safe  partition  height  is  developed  via  a 
simp  e  mass  balance  evaluation  using  standard  control  volume  analysis  techniques.  The  result 
of  this  analysis  for  non-steady  state  conditions  yields  an  exponential  expression  in  which  time 
appears  as  an  independent  variable  in  the  exponent.  However,  a  more  conservative  result  is 
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obtained  by  assuming  a  steady  state  booth  operation  in  which  maximum  (worst  case)  conditions 
prevail.  Under  steady  state  conditions,  the  mass  balance  equation  at  the  booth  intake  face 
(Location  A  m  Figure  5)  reduces  to: 


(&*cr)+(a,xcm)=  (a«c.) 


(3) 


Where: 

Qr  =  Volume  Flow  Rate  of  Recirculated  Air 

Cr  =  Hazardous  Constituent  Concentrations  in  Recirculated  Air 

Qm  =  Volume  Flow  Rate  of  Fresh  Makeup  Air 

c«  =  Hazardous  Constituent  Concentrations  in  Fresh  Makeup  Air 

Qb  =  Volume  Flow  Rate  Through  Paint  Booth 

Cb  =  Hazardous  Constituent  Concentrations  in  Air  Upstream  of  Painter  Location 


The  first  two  terms  in  Equation  3  represent  the  constituent  mass  flow  rates  in  the 
recirculation  stream  and  the  make-up  air  stream,  respectively.  The  third  term;  therefore  defines 
the  constituent  mass  flow  rate  at  the  booth  intake  face.  If  it  is  assumed  that  the  makeup  air  is 

tree  of  hazardous  constituents,  the  mass  balance  equation  at  the  intake  face  (Location  A  Figure 
5)  simplifies  to:  ’ 


(Qr*Cr)=  (QbXCb) 


(4) 


Similarly,  under  steady  state  conditions,  the  mass  balance  equation  at  the  booth  exhaust  face 
(Location  B,  Figure  5)  reduces  to: 


(Qbx  cb)  +  Mg  =  ( Qr*Cr)  +  (QexCe ) 


(5) 


Where: 


Qe  =  Volume  Flow  Rate  of  Exhaust  Air  Vented  to  the  APCS 

Ce  =  Hazardous  Constituent  Concentrations  in  Exhaust  Air  Vented  to  the  APCS 

Mg  =  Hazardous  Constituent  Mass  Generation  Rate  from  Paint  Application  Process 
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Figure  5.  Paint  booth  control  volume  configuration  for  determining  partition  height. 


CfTtitUem  ^ted  by  th^ sp^^ 

(ox  cd;iEr'in  ittzKrjsx:  ^ 

Sd^;:ona:t^eeIa^o,hHexhaus,  «“d  o^t1o;,1sTrt  rsr  thuracnentTat,on 

dditional  relationship  must  be  derived  and  incorporated  into  Equation  5  that  relates  the 
concentration  profile  a.  the  exhaust  face  (Location  B  in  Figure  5)  to  the  c“*  tiaL  flow 
rate  in  the  recirculation  and  exhaust  streams.  This  relationship  reduces  Equation  5  to: 


<a*c,)=  (et*c4x i  -  .£)♦  (m  *x) 

H  g 


Where: 

a  =  Partition  Height 
H  =  Exhaust  Face  Height 

X  -  Percent  of  Hazardous  Constituents  Generation  in  Booth  Exiting  above  Height  a 


.  .  Thf  Sec°nd  te™  in  Equation  6  represents  the  hazardous  constituent  mass  flow  rate  that  k 

mtroduced  at  the  make  face  (Location  A  in  Figure  5)  which  passes  to  the  regulation  du« 
he  third  term  is  the  hazardous  constituent  mass  flow  rate  contributed  by  the  painting  operation 
passe* t0  the  recirculation  duct.  The  mathematical  expression  defining  the  relationshiD 
between  the  constituent  concentrations  in  the  recirculation  stream  and  the  partition  height  (or 
recirculation  rate)  is  derived  by  combining  the  booth  intake  face  mass  balance  relationship 
(Equation  4) ,  with  the  booth  exhaust  mass  balance  expression  (Equation  6)-  P 


Mg*X 

Q  *  (  — ) 


(7) 


The  partition  height  and  corresponding  recirculation  rate  that  yields  acceptably  low 
hazardous  constituent  concentrations  in  the  booth  intake  stream  may  be  derived  iteratively  from 

Equation  7.  However,  straightforward  application  of  Equation  7  may  not  be  necessarily  Y 

appropriate,  because  filtration  efficiency  must  be  factored  in  for  the  solid  or  semi  solid-phase 
constituents  (e.g.  isocyanate  or  hexavalent  chromium  containing  aerosols).  Moreover  the 
parameter  X  differs  for  the  vapor  phase  and  non  vapor  phase  hazardous  constituents  due  to 
particulate  drop-out,  flow  patterns,  etc.  As  such,  it  is  apparent  that  the  partition  height  and 
corresponding  recirculation  rate  necessary  to  maintain  safe  intake  concentrations  depend  on 
several  booth  operating  parameters.  The  objective  of  the  Phase  I  Baseline  Study  (discussed  in 
detail  in  Section  4)  was  to  accurately  establish  these  operating  parameters,  which  in  turn  were 
used  to  project  safe  and  cost-effective  recirculation  system  estimates. 


2.2 


UV/OZONE  AIR  POLLUTION  CONTROL  SYSTEM  INNOVATIONS 


A  second  innovation  integrated  into  the  EPA/USMC  Technology  Demonstration  Program 
was  the  installation  and  operation  of  an  efficient  and  cost-effective  APCS  that  relies  on 
ultraviolet  light  (UV)  and  ozone  to  successfully  oxidize  organic  compounds  present  in  the 
exhaust  stream  vented  from  the  MCLB  paint  spray  booths.  The  advantages  of  UV/Ozone 
systems  over  traditional  thermal  oxidation  systems  include: 


High  Energy  Efficiency  -  The  UV/Ozone  system  operates  at  ambient  temperature,  which 
eliminates  the  significant  energy  losses  typically  incurred  by  traditional  APCS  units  that 
rely  on  high  temperature  oxidation.  These  traditional  units  must  bring  the  control  stream 
to  elevated  temperatures  to  ensure  complete  oxidation  of  the  VOCs  that  are  present. 
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Minimal  Start-up  Time  -  Because  the  UV/Ozone  system  operates  at  ambient  temperature 
it  can  switch  from  shut-down  mode  to  fully  operational  in  a  matter  of  minutes  This  is  a  * 
significant  advantage  over  traditional  APCS  systems,  which  often  require  continuous 
operation  (such  as  in  stand-by  mode  under  minimal  turn-down  conditions),  or  significant 
start-up  time  to  bring  the  unit  to  temperature  prior  to  bringing  the  process  on-line. 

No  Secondary  Pollutants  -  The  emission  of  secondary  pollutants  such  as  NOx  and  CO 
(generated  at  elevated  combustion  temperatures)  is  virtually  eliminated  due  to  the  low 
temperature  operation  of  the  UV/Ozone  system. 

L°ng  Equipment  Life  -  equipment  integrity  is  maintained  on  a  long  term  basis  due  to 
ambient  temperature  operation. 

Low  Cost  Operation  -  The  electricity  cost  of  operating  the  UV  lamps  is  much  lower  than 
the  cost  of  supplying  natural  gas  to  traditional  thermal  systems. 


ft-  .  The  i™0—  technology  involves  a  five  step  process  to  achieve  adequate  destruction 
emciency.  This  process,  illustrated  schematically  in  Figure  6,  comprises: 

1)  Direct  Photolysis  -  Downstream  of  a  particulate  filter,  the  process  exhaust  stream  is 
exposed  to  direct  UV  light  to  initiate  oxidation. 

2)  Scrubber  -  The  exhaust  passes  through  a  water  scrubbing  system  where  the  miscible 
and  water  soluble  compounds  are  transferred  into  the  aqueous  phase. 

3)  Adsorbing  Media  Module  -  Exhaust  passes  from  the  scrubber  to  an  adsorbing  media 
module  which  collects  the  remaining  organics.  The  exhaust  then  vents  to  atmosphere. 

4)  Scrubber  Water  Clean-up  -  The  scrubber  liquid  exiting  the  scrubber  is  treated  with 

ozone  to  completely  oxidize  the  collected  organics;  the  liquid  is  then  recycled  back 
into  the  scrubber. 

5)  In-Situ  Oxidation  of  Adsorbing  Media  -  The  organic  compounds  collected  in  the 

adsorbing  module  are  oxidized  via  ozone  which  is  introduced  into  the  module  during 
the  media  regeneration  cycle. 

The  decision  made  by  MCLB  to  install  and  operate  a  UV/Ozone  system  was  motivated 
primarily  by  the  numerous  inherent  advantages  offered  by  this  technology,  as  indicated  above. 
Several  UV/Ozone  systems  have  been  installed  to  control  emissions  from  aerospace  painting  and 
depainting  facilities,  as  well  as  other  industrial  coating  process  sources.  The  largest  UV/Ozone 
system  that  has  demonstrated  long  term  operation  is  a  200,000  cfm  system  installed  in  1992  in 
Arizona.  The  particular  innovations  encompassed  by  the  MCLB  UV/Ozone  system  were  based 
on  elements  from  the  following: 
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Figure  6.  Schematic  diagram  of  the  UV/Ozone  APCS  system. 
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1 }  deemed  bvThe^ ^  d^el“Pmem  eff<*  that  was  planned,  managed  and 

enhancements  that  may  be  implemented  in  full  scale  systems  to  further  imorove  the 
process)'0"  CapablI‘tleS  of  the  Pho“'yt^  reactor  (Step  1  of  the  UV/Ozone  oxidation 

2)  m^r>"d  research  and  development  study,  also  performed  by  ARL,  in  which 

echamsms  were  studied  for  improving  the  speed  and  efficiency  of  in  situ  nviHat 
occumng  in  the  adsorbing  media  module  during  the  regeneration  cycle.  ^ 

3)  Appropriate  retrofit  modifications  and  system  adjustments  to  transfer  the  process  and 
ys  em  e  ancements  developed  by  ARL  into  the  full-scale  MCLB  UV/Ozone 

ojSicin. 

by  the  are  summarizcd  in  a  separate  document  that  is  published 

/  '  •  Manne  Corps-  To  date,  no  modifications  have  been  made  to  the  MCLB  UV/rwnn* 

Sfom'ZTT  SyStem  enhancemen,s  developed  under  the  ARL  re^chp^ram 

2  3  CONTINUOUS,  SPECIATED  ORGANIC  CONCENTRATION  MONITORING 

CfL“dS^:r‘ c  ‘ :o“n daa  ^ 

mom, or  batons  const,, Lt  StTe^S^^ 

yzers  that  have  traditionally  been  used  in  this  and  other  VOC  monitoring  applications  relv 

orcanic°c^tIOn  reaCtl°n  *?  produce  a  signal  which  is  Proportional  to  the  concentration  of  Y 
orgamc  carbon  present  in  the  sample  stream.  The  most  common  monitors  of  this  type  include 

ame  ionization  detectors  (FIDs)  and  photoionization  detectors  (PIDs).  It  has  long  been 

and  agencies  a,ike  *at  detectors  in 

Z  ™  d  FD?  m  part,cuIar’  have  significant  drawbacks  that  limit  their  applicability  and 
impact  their  performance  and  cost  effectiveness.  These  limitations  include:^  ^ 

rZ™ff‘Cit? '  ^  meT6d  reSUltS  are  rep0rted  in  ^  of  Parts  I*'  million  of 
a  bon  (ppmc)  or  propane,  thus  speciated  organic  concentration  data  is  not  provided. 

is  is  of  particular  concern  when  monitoring  process  streams  in  which  the  relative 
concentrations  of  various  organic  components  vaiy  significantly  over  time  (such  as  in 
paint  booth  operations)^  For  example,  a  480  ppmc  measurement  made  by  an  FID  could 
dicate  the  presence  of  either  120  ppm  of  methyl  ethyl  ketone  (MEK)  80  ppm  of 
methyl  isobutyl  ketone  (MIBK),  or  120  ppm  of  2-butanol.  Non-specificity  problems  are 


compounded  in  the  recirculation  duct  monitoring  application,  because  the  OSHA  PELs 
for  these  compounds  differ  significantly;  the  OSHA  PELs  for  MEK,  MIBK,  and  2- 
butanol  are  200  ppm,  100  ppm,  and  100  ppm,  respectively.  Thus,  in  this  example,  it  is 
not  possible  to  determine  if  recirculation  stream  concentrations  exceed  the  PET.  (2- 
butanol),  are  approaching  the  PEL,  (MIBK)  or  are  well  below  the  PEL  (MEK). 

Response  factor  variability  -  Ionization  detectors  do  not  respond  linearly  as  a  function  of 
the  number  of  orgamc  carbon  molecules  present  in  the  sample  stream.  A  linear  response 
implies  that  there  is  a  one-to-one  correspondence  between  the  ppmc  value  reported  by  the 
instrument  and  the  actual  number  or  organic  carbon  atoms  that  are  present  For  example 
sample  streams  containing  100  ppm  of  xylene  and  MEK  should  correspond  to  FID 
measurements  of  800  ppmc  and  400  ppm  c,  respectively.  However,  the  FID  may  actually 
indicate  only  700  ppm  and  380  ppmc  due  to  the  non-linear  characteristic  of  the 
instrument  response.  Note  that  the  non  linearity  (referred  to  as  response  factor)  varies  as 
a  function  of  compound.  Thus  a  drop  in  ppmc  level  measured  by  an  FID  could  indicate  a 
change  in  sample  stream  constituents,  or  a  change  in  concentration,  or  both. 

Excessive  calibration  and  fuel  gas  requirements  -  It  is  necessary  to  frequently  calibrate 
FIDs  and  PIDs  to  ensure  accurate  and  reliable  data.  Furthermore,  FIDs  require  a  source 
of  hydrogen  gas  as  a  fuel  supply  for  the  ionizing  flame.  While  these  calibration  and  fuel 
gas  requirements  are  not  impossible  to  meet,  they  tend  to  increase  instrument  operating 
and  maintenance  costs  in  continuous  monitoring  applications. 

In  an  effort  to  maximize  operational  flexibility  and  data  accuracy,  and  minimize  system 
maintenance  and  operating  requirements,  the  EPA,  in  concert  with  MCLB,  elected  to  evaluate 
alternatives  to  ionization  detectors  for  use  in  the  recirculation  safety  monitoring  system.  The 
FTIR  technology  was  selected  for  several  reasons,  including: 

Real-Time,  Speciated  Organic  Concentration  Results  -  The  FTIR  provides 
concentration  results  for  the  organic  hazardous  constituents  of  concern  that  are 
present  in  the  recirculation  stream  on  a  real  time  basis.  Data  are  collected  and 
analyzed  in  sampling  intervals  of  less  than  30  seconds. 

Real-Time  OSHA  Compliance  Assessment  Capabilities  -  Because  the  FTIR  provides 
real-time  constituent  concentration  results,  it  is  possible  to  determine  the  OSHA 
compliance  status  of  the  recirculation  stream  on  a  continuous  basis.  This  is 
accomplished  by  programming  the  instrument  control  software  to  derive  the  additive 
OSHA  Factor  (Equation  2)  for  each  measurement  event. 

Significantly  Reduced  Calibration  Gas  and  Instrument  Maintenance  Requirements  - 
The  instrument  requires  neither  fuel  gas  nor  calibration  gases  to  operate  effectively. 
However,  because  this  is  a  new  application  for  this  technology,  and  because  of  the 
importance  of  the  safety  monitoring  system,  it  was  decided  to  program  the  instrument 
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conn-°' software  to  collect  a  reference  spectrum  with  an  appropriate  cheek  gas  twice 

™1S  1provld<- a  “cans  of  assessing  instrument  stability  on  a  long  tern 
basrs.  Tins  check  may  be  discontinued  after  a  period  yet  to  be  detejned 

rem^,^'!'he  ClMr  advfnta8eS  °fFriR  over  0,her  candidate  monitoring  systems  it  was 

y  Aa  Pau  “/“nation,  a  side-by-side  comparison  between  traditional  oraanic 

ssr**” 
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SECTION  3 
SITE  DESCRIPTION 


r  ,  -f  The  U' S  Manne  Corps  Multi-Commodity  Maintenance  Center  (MC3)  near  Barstnw 

MarineCo^sasw^fl^rtherDODoperariOTiT^'n^fadHty  "T* ‘°  48 

spans  10  acres  and  houses  1,066  employees  skilled  in  78  different  trades  'There 
mes  operated  within  the  enclosure,  which  rebuilds  and  refinishes  up  to  250  vehicles  per  month* 
MC  encompasses  numerous  industrial  process  operations,  such  as  mete  finiS 

STuTraf  7  T'r^tC;  many  °f  Which  generate  emissions  criteria  andair  toxic 

sirniSt  voCeTiTon  S“rfre  Prlng  and  Pain”ng  opera,ions  «  MC3  are  sources  of 
Technology  DemoXation  Pro^C  ^  Pnme  for  lhe  EPA/USMC 

were  mMified'for  thtS^  ‘C  f  T'  '°Ca,i°n  a"d  confiSuratl»''  of  three  paint  booths  that 
.  d  for  dl,s  Demonstration  Program,  and  provides  booth-specific  information  that 
was  employed  during  the  Baseline  and  Technology  Demonstration  Studies  and  S 

7cTs?7,rr:modTfic:tion  tik  ^  the 

^h  and  fTcw  Cl  v  7  WCTe  undertaken  by  sePa™<=  contractors.  However,  the  paint 
booth  and  APCS  installation  efforts  were  coordinated  sufficiently  to  ensure  the  booth  ventilation 

system  operation  and  controls  were  adequately  integrated  with  the  APCS  operation. 

m  The  S'teS  targeted  by  ,he  Demonstration  Program  are  three  paint  booths  located  in  the 
Northwester,  sector  of  Building  573,  in  file  Yermo  Annex  of  Barstow  M^B  A  schemafic 

UWOzCne  APCS8  '°C.at‘onscand  rdative  P°siti°”s  °f  the  three  paint  booths  and  the 

X.°rCom  CARcCrT  m,  a,gUre  *  M°st  ofthe  coa,in*s  usad  in  these  booths  are  in  the 
rahXXf  CARC  (Che™'Ca,  gent  Resislant  Coatings)  system,  which  includes  wash 
pnmers,  epoxy  primers,  and  polyurethane  topcoats. 

3.1  BOOTH  1  GENERAL  DESCRIPTION  AND  OPERATING  CHARACTERISTICS 

Booth  1  is  a  large  vehicle  drive-through  paint  booth  that  is  primarily  used  for  applying 
po  yurethane  topcoat  to  2.5  and  5  ton  armored  personnel  vehicles  (APVs)  Humvees  and  other 
Manne  Corps  vehicles.  Occasionally  other  types  of  equipment  are  painted  in",“  wdl 
as  kehcopters  and  containers.  The  Booth  1  operating  profile  differs  significantly  from  the 
profiles  for  Booths  2  and  3  m  that  it  is  used  exclusively  for  topcoat  applications;  wash  primer 
and  epoxy  pnmer  are  never  used  in  Booth  1 .  This  is  significant,  because  the  hazardous 
constituent  concentrations  in  the  polyurethane  topcoat  consist  primarily  of  organic  compounds. 
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UV/OZONE  SYSTEM 


Figure  7.  Schematic  Diagram  Indicating  Location  and  Relative  Position  of  the  Paint  Booths  and  APCS  Targeted  by  the 
Demonstration  Program. 


tend  t0  dommate  tte 

and  exha  S' ,  W  ^  rf  ^ 

6.  ]  meters  (20  fee,)  Tg f"  08  ^  h'«h- 

panition),  or  is  recirculated  bach  i„,„  ,he  bond,  ^  * 

1.2  BOOTH  2  GENERAL  DESCRIPTION  AND  OPERATING  CHARACTERISTICS 

Booth2is  a  cross  draft  facility  equipped  with  an  overhead  conveyor  system  The 
nveyor,  which  is  used  to  transport  equipment  components  and  other  items  into  the  booth 

coated' Ea^nmenuh  suspendta* • ,he  workpieces  so  that  they  are  accessed  easily  and  unifonnly 
coated.  Equipment  that  is  painted  in  Booth  2  include  small  vehicle  components  such  as  whe/ 
sembhes  battery  cases,  vehicle  suspension  components,  etc.  Although  numerous  coatines 
may  be  applied  in  Booth  2,  the  CARC  system  consisting  of  wash  primer"  e^  p“  § 

t°PCOat,and  th,nners  »s  pnmanly  used  (>  87%).  A  component  of  the  CARC  wash 

PEL  for  hexT  H  t°mate’  Which  C°ntainS  chromium  in  the  hexavalent  form.  The  OSHA 
critic  J  C^°mium. 18  qu,te  Iow-  ^  fact5  wash  primer  material  usage  proved  to  be  the 
recirculaSTrate)  “  determmmg  the  Booth  2  Partition  height  (which  deteimines  the 

Although  only  one  painter  is  typically  stationed  in  Booth  2  during  normal  operations  all 
^  conducted  lhroughou,  dtc  Demonstmdon  Program  on  Booth  2  invofveZSra 

lid  *  f  teS,S  were  conducted  «*  hi8h  usage  conditions  to  reflect  worn,  case 
operations  and  therefore  ensure  conservative  results  and  safe  operation  of  the  recirculation 

system.  The  results  of  the  Phase  III  Technology  Demonstration  Study  presented  in  Section  6 
necessary"  adeqUi>te  margl"  *° enSUre  that  tw0  P3'^  safe|y  operate  in  Booth  2  if 

and  exhaiK?  °£B°0th  2  indicating  the  general  arrangement  of  the  recirculation 

9  1 m^  noTtT  H0Wn  9‘  ThC  b°0th  iS  aPProximately  3.0  meters  (10  feet)  high, 

.  meters  (30  feet)  wide,  and  6. 1  meters  (20  feet)  deep.  It  is  equipped  with  a  cross  draft 

fofh  5 T  SyStem  mJuCh  ^  ^ iS  introduced  through  the  ceiling  at  the  front  of  the  booth 
.  ke‘Up  “r  wh,^h  Is  teken  from  the  area  surrounding  the  booth  is  also  drawn  through  the 
ceiling  via  a  perforated  plate.  As  the  ventilation  air  passes  through  the  booth,  it  picks  up 
raw  particwlate  and  solvent  vapors.  It  then  exits  the  booth  and  is  either  passed  to  the 

ARCS  (if  taken  from  below  the  partition),  or  is  recirculated  back  into  the  front  of  the  booth  (if 
taken  from  above  the  partition).  v 


25 


Figure  8.  Schematic  Diagram  of  MCLB  Booth  1. 
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Figure  9.  Schematic  Diagram  of  MCLB  Booth  2. 
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typically  operated  ^  configuration,  thus  the  painter 

typical  for  open  face  paint  booths  the  volume  fin  *  !h  u™  faCC  b°°th  provided-  As  is 
modification  was  quite  high  to  thatTiT  6  fr°m  B°0th  2  P™  to 

painter.  By  enclosing  the  work  area  as  part  of' th^re^ft pr0V,ded  ,n  the  vicinity  of  the 
through  Booth  2  was  significantly  reduced  A  a  °?  modlficatlons’ the  volume  flow  rate 

fugitive  emissions  previously  released  from  the  on  ”  /  Vantage  of enclosing  Booth  2  is  that  the 
efficiency  of  100  percent  is  achieved  °P“  **  “  n0W  C°Ilected’ and  a  capture 

3  3  BOOTH  3  GENERAL  DESCRIPTION  AND  OPERATING  CHARACTERISTICS 

moved  fromanotherarea  T  ^  a"d  "■**  was 

system;  large  equipment  component?  tto  am  rflid  wilh  a  P3"*  transportation 

through  the  booth  on  pIaCed  °"  a  P3"6'  ma-v  be  transported  into  and 

is  anticipated  that  theCXRC  ££? ™ k"®  ma,eri3'S  m3y  be  apPIied  in  B°°<h  3,  it 
topcoat  and  thinners  will  be  used  primarily  As  Pnmer’  Pol>'urethane 

.  assa^flattas: 

conducted  in  Booth  sZZ*  *Tn  an+lntermicttent  the  recirculation  duct  tests 
to  simulate  worst  case  conditions  perfbm’ed  aI  ver>'  hi8h  "sage  rates 

recirculmion^^^^ 

2X2X2^ 

intake  plenum  Fresh  make-up  airtwch^,' J"  'i,ntroduced  ,hrou8h  a  ™U  of  filters  via  an 
into  the  intake  plenum  via  a  rerforated  olme  wh'Ir  T  su™undmg  the  booth  is  drawn 

ventilation  air  passes  thTou^hTCh  .t  meW  “  W"h  ,he  teetaulated  air.  As  the 
then  exits  the  booth  and  either  passes  to  the  APCSTiF Pa[,'c“,a,e  and  solvent  vapors.  It 
recircu,attd  back  into, he 
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Figure  10.  Schematic  diagram  of  MCLB  Booth  3. 
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SECTION  4 

baseline  characterization  study  results 

Fan  of  ^3^1“  W  boon*  Ws  performed  i„  the 

recirculation/partition  flow  system  and  to  develnn  f  SS1°"S  ^ta  used  t0  Properly  design  the 
comparison  to  data  collecteSeTmodlfl^  Pre-modification  data  set  for  subsequent 

Study  are  summarized  in  Section 4  1  A  summmofT15  ^  i ^  rCSUltS  °f ' this Base,ine 
.he  Baseline  Study  data  and  a  general  discuSe^SS  flow' ^ 
projected  for  each  booth  is  provided  in  Section  4.2  g  fl  reduct,ons 

year  Ranged  dunng  the  two 

pnor  to  initiating  Sol' 

are  summanzed  briefly  in  Section  4.3  lS  01  the  Fre‘retrofit  Charactenzation 

4.1  BASELINE  STUDY  RESULTS  AND  CONCLUSIONS 

gather  °J  |"3>  <he  *jee,ive  of  this  study  was  to 

partitioned  recirculation  system  As  ,‘ndi  t  e *°  ProJect  a  reasonable  and  safe 
the  partition  heigh,  and  the  resulting  recimulat.on  m'e  mcludt 

'  Sohd  and  vapor  phase  hazardous  constituent  concentration  profiles  a,  the  exhaust 
•  Particulate  collection  efficiency  of  the  exhaust  filter 

•'  ztr release  rates  from  ^ —  «» 


discuss^ht^e^ion^^ooth^'d0*61^2^  "*  °f ' toe  for  Booths  1  and  2.  As 

because  Booth  3  invol^w  tmSTE SUr,*’*’?  fr°m 
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Table  JipSe  ™f d 

Annenrl*  ”  T™!!  d”  relat,n8 ,0  ,he  sampling  and  analysis  methods  are  summarized  in 
pm“«;rrCtiVdy-  Tab“'ated  reSUl,S  °f ^  Sampli"8  ■*  -lysis  efforts  are 

41-1  S.“"e  S,Udy  TeS‘  ReS",,S  and  ASSUmp,i0"S  *"»'»*«<  i»  Partition  Heigh, 

„  ,The  confi,uenI  concentration  profile  results  and  painter  vicinity  data  obtained  from  the 
Booth  source  testing  activities  are  summarized  in  Table  2  These  concentration  nrotti  i 

ZT  dTeVT  '*?*  fil,er  — "ts  and  were  used  todefine^he  paimrieter^X  "S 

,  p  ua  '01^  *  .  e  exhaust  duct  flow  rate  and  concentration  measurement  results  used  to  define 
the  Booth  1  recirculation  rates  are  summarized  in  Table  3.  From  there  resuhs  tte  fon  Jlf 

SSSt  Eq“ input  d"*  fOT  «»  ^  1  -ircul—w  partition8 

!)  the  Booth  1 

2)  The  maximum  zinc  and  total  chromium  measurement  results  were  used  for  the 
inorganic  compound  concentrations;  all  chromium  was  assumed  to  be  in  the  trivalent 


3)  The 
measured 


s^ed\rthYwh?18hifSt  deSeCtl°n  hmit)  for  hexamethylene  diisocyanate  (HDI) 
sured  m  the  Booth  1  exhaust  ducts  were  used  for  the  HDI  release  rate  parameter. 

4)  A  V0l“me  flowuratue  of  962  m3/min  (34,000  cfm)  is  required  in  Booth  1  to  maintain 
compliance  with  the  100  fpm  minimum  velocity  requirement  mandated  by  OSHA 
However,  the  Baseline  Study  data  indicate  that  Booth  1  exceeded  this  minimum  flow 
ate  by  a  significant  margin  (Table  3).  It  was  therefore  concluded  that  variable 

comnl^  dnVth( C^D)  f3nS  COUW  Safdy  rCdUCe  B°°th  1  flow  rates  whi,e  maintaining 
compliance  with  the  minimum  ventilation  requirements  mandated  by  OSHA.  § 

The  initial  Booth  1  recirculation/flow  partition  calculation  results  indicated  that  the 
optima!  partition  height  was  2.68  meters  (8.8  feet).  However,  during  the  detailed  design  phase 
(discussed  m  Section  5),  it  was  decided  that  the  Booth  1  ventilation  system  would  opeStemore 
efficiently  if  an  extra  row  of  filters  was  added  to  the  Booth  1  exhaust  face  The  optimal  partition 
height  yielding  and  OSHA  Factor  of  0.65  was  then  re-calculated  at  2.65  meters  (8*7  fee/ 
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Table  1 .  Test  Matrix  for  Baseline  Study. 


Booth  1 


1  Objective 
Determine  stratification 


Determine  exhaust 
concentrations 


Establish  OSHA  Factor 
in  the  vicinity  of  the 
paint  booth  operators 

Compare  collection 
efficiency  of  existing 
filtration  system  to  the 
high  performance 
filtration  system. 


Booth  2  Determine  stratification 


Location 
Exhaust  faces 


Determine  exhaust 
concentrations 


Establish  OSHA  Factor 
in  the  vicinity  of  the 
paint  booth  operators 


Exhaust  ducts 


Vicinity  of  paint 
booth  operators 


Exhaust  face  with 
standard  filters 


Exhaust  face  with 
high  performance 
filters 

Exhaust  faces 


Exhaust  ducts 


Vicinity  of  paint 
booth  operators 


Parameter 

Metals 
Isocyanates 
Speciated  organics 
Particulate 
Flow  rate 

Metals 
Isocyanates 
Speciated  organics 
Total  organics 
Particulate 
Flow  rate 

Metals 
Isocyanates 
Speciated  organise 
Particulate 

Particulate  at  face 
Particulate  in  ducts 
Flow  rate 


;  Method 

NIOSH  7300* 
OSHA  429 
NIOSH  130010 
NIOSH  500n 
Anemometer 

EPA  Method  006012 
NIOSH  552 113 
NIOSH  1300'° 

EPA  Method  25A'4 
NIOSH  500" 
Anemometer 


NIOSH  7300* 
NIOSH  552 113 
NIOSH  130010 
NIOSH  50011 

NIOSH  500” 
EPA  Method  515 
EPA  Method  2 16 


Particulate  at  face 
Particulate  in  ducts 
Flow  rate 

Metals 

Speciated  organics 
Particulate 
Flow  rate 

Metals 

Speciated  organics 
Total  organics 
low  rate 

Metals 

Speciated  organics 
particulate 


NIOSH  50011 
EPA  Method  5'5 
EPA  Method  216 

NIOSH  7300* 
NIOSH  130010 
NIOSH  500u 
Anemometer 

NIOSH  7300* 
NIOSH  130010 
EPA  Method  25A'4 
Anemometer 

NIOSH  7300* 
NIOSH  130010 
NIOSH  50011 


r1erS  t0  rth0d  38  EPA  Draft  Method  29  Multi-Metals  Sampling 
the  time  interval  since  the  Baseline  Study  was  completed,  EPA  finalized  the  draft  mefanA 
now  refers  to  it  as  Method  0060.  The  name  change  is  reflected  in  this  Table. 


and 


32 


Baseline  Study  Average  Concentration  Profile  and  Painter  Vicinity  Test  Results  for  Booth 
(unless  indicated,  all  units  are  mg/m1). 


C 

C3 


CN 

c- 
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TabiC  3'  SS?23£ST  C°ncentra,i0n  31,(1  Fl0W  RaK  Da»  Opined  from 


4.1.2 


mandated  in  29  CFR  1910  the  minimum  Rivet.  t  i  °  Tamtaln  “tmpl'ance  with  OSHA  requirements 
cfinX  thus  dtese  flow  tates  sqpnhcantly  estS  tLt^m^S  ^OS^T  ”  m'/m”  (34’°00 

H^t“«„s„ry  Test  Resu,,s  <*nd  Assun",*i<)"s  e»  *■  ***. 


pTrameter-X' in EquI^rTh^ ^ &^std fa“ meaSUrements and  were todefin^the 

rrsrFf 
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derived  from  anemometer  measurements  taken  at  the  exhaust  face.  Similarly  the  metal 
concentration  values  assumed  in  the  Booth  2  recirculation/flow  partition  calculations  were 
derived  from  the  exhaust  face  chromium  concentration  profile.  From  these  results  the 

following  assumptions  were  made  to  derive  the  input  data  for  the  Booth  2  recirculation/flow 
partition  calculations: 


1 )  The  maximum  organic  concentrations  measured  in  the  Booth  2  exhaust  ducts  were 
used  for  the  organic  mass  release  rate  parameter. 

2)  Based  on  the  Booth  2  measurement  results  and  observations  made  during  the 
painting  activities,  it  was  determined  that  substantially  more  than  half  of  the  total 
chromium  released  in  Booth  2  exists  in  the  less  toxic  trivalent  form  To  derive 
more  conservative  results  for  the  Booth  2  recirculation/flow  partition  calculation 
it  was  therefore  assumed  that  one  half  of  the  Booth  2  total  chromium  is  in  the 
hexavalent  state,  and  one  half  is  in  the  trivalent  state. 


3)  A  99-percent  filtration  efficiency  (by  weight)  was  assumed  for  the  advanced 
filtration  system. 

4)  The  ratio  of  zinc  to  hexavalent  chromium  concentration  in  Booth  2  is  equal  to  the 
ratio  measured  in  Booth  1  during  the  single  wash  primer  test.  This  is  a  reasonable 
assumption,  because  zinc  is  present  only  in  the  wash  primer;  it  is  not  a  topcoat 
component. 

5)  The  HDI  to  MIAK  mass  ratio  measured  for  Booth  1  was  employed  to  estimate  the 

Booth  2  exhaust  duct  HDI  concentrations  for  the  recirculation/flow  partition 
calculation. 

The  results  reported  in  Tables  4  and  5  were  coupled  with  engineering  estimates  and 
operating  data  to  derive  the  input  data  for  the  Booth  2  recirculation/flow  partition 
calculations.  Moreover,  only  one  painter  typically  operates  in  Booth  2,  yet  two  painters  were 
operating  in  Booth  2  during  the  exhaust  face  and  exhaust  duct  sampling  activities.  Taking 
into  consideration  all  of  these  issues,  the  optimal  Booth  2  partition  height  yielding  an  OSHA 
Factor  of  0.5  was  calculated  at  2.04  meters  (6.7  feet).  Moreover,  because  this  partition  height 
was  determined  assuming  that  2  painters  operate  in  the  booth,  it  ensures  extremely 
conservative  operation  of  the  recirculation  system,  and  a  safe  operating  environment  for  the 


Booth  2  was  originally  constructed  in  an  open  face  configuration  such  that  the  paint 
booth  operators  were  positioned  outside  of  the  enclosure  during  paint  application.  To  ensure 
adequate  ventilation  air  around  the  painter  operating  outside  the  booth,  the  volume  flow 
through  an  open  face  booth  is  typically  much  higher  than  is  required  for  an  enclosed  booth.  It 
was  recognized  that  one  of  the  major  benefits  of  modifying  and  enclosing  Booth  2 
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Table  5. 


2 S Stady”S,itUem  C°n“n,rati0n  3nd  Fl0wRa,e  Data  0btai“d  Booth 


Parameter 

North  Duct 

(mg/m3) 

South  Duct 
(mg/m3) 

MEK 

3.0 

8.5 

Ethyl  benzene 

0.19 

1.7 

Xylenes 

0.89 

6.3 

n-Butyl  acetate 

0.54 

5.8 

MIAK 

6.3 

59 

Toluene 

6.2 

3.1 

n-Butyl  alcohol1 

7.2 

0.08 

Hexyl  acetate 

2.3 

1.6 

PGMEA1 

Flow  Rate2  m3/min  (cfin) 

1,435  - 1,922  (50.700  -  67,900) 

The  concentrations  measured  were  essentially  at  the  method  detection  limit,  thus  this 
limit  was  employed  in  the  recirculation/flow  partition  calculation. 


eXha?St  dUn  n0t  adequately  config^ed  to  enable  accurate  flow  rate  measurements 
or  isokinetic  sampling.  The  flow  rate  values  reported  here  were  derived 

from  anemometer  data  collected  at  the  exhaust  face.  Note  also  that  the  Booth  2  flow 
rates  tended  to  decrease  throughout  the  Baseline  Study  as  a  result  of  die  exhaust  filters 
gradually  loading  up  with  paint  overspray  particulate. 


for  rearciriat100  was  that  the  overall  flow  rate  through  the  booth  would  be  significantly 

90 6m^Vr)  nnCnUS,?e  mimmiu?1  flow  rate  recluired  by  °SHA  after  enclosing  Booth  2  is 

fnr  r  H  J  as  °PP0Sed  t0  the  1678  m  /min  ( 59’300  cfin>  average  determined 

tor  Booth  2  in  the  open  face  configuration  (see  Table  5). 

It  was  further  hypothesized  that  the  overall  Booth  2  ventilation  characteristics  and 
quality  of  the  air  in  the  painter  vicinity  would  improve,  because  the  painter  would  operate  in  a 
MyvtnMtel  area  (eg.  the  air  flow  rate  in  the  vicinity  of  the  painter  would  be  a  consistent 
pm).  As  such,  the  ventilation  air  in  the  reconfigured  booth  would  be  more  effective  at 
moving  contaminants  away  from  the  paint  booth  operator.  To  test  this  hypothesis,  some 
constituent  concentration  samples  in  the  vicinity  of  the  Booth  2  painters  were  collected  during 
the  Baseline  Study.  The  results  of  these  measurement  activities  are  provided  in  Table  6, 
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compared  with  similar  test  data  mil  +  a  a  ,  n  ^ec^I0n  6,  the  Table  6  results  were 
results  of  this  comparison  dearly  indite  *“%  "" 

™S  b>  «**«  Booth  2^ and 


i  able  6.  Constituent  Concentrations  in  Booth  2 


Painter  Vicinity. 


Constituent 

Test  1 

Test  2 

Test  3 

Average 

Metals 

Total 

Chromium 

0.084 

0.106 

0.0241 

© 

0.095 

Organics 

MEK 

Ethylbenzene 
Total  Xylenes 
'  Butyl  acetate 
MIAK 

Toluene 
n-Butyl  alcohol 

6.6 

0.76 

2.9 

3.8 

19 

2.5 

<0.06 

4.2  | 
0.04 
0.22 
0.16 

1.2 

3.3 

3.9 

5.4 

0.4 

0.026 

1.9 

10 

2.9 

1.9 

Ptsz£““ 


41-3  Calculations'^  a“d  E“iSsi0D  “**'  Estimat«  Employed  in  Partition  Height 

g~£S===* 

sasSSrSaSSrSSr3- 

^  empl°yedt0  devel°P the  -ta—  P^le  ill«sna,edinF"te.28and 
establish  appropriate  partition  height  calculation  input  data: 

' }  B^th2  u^'h  3  C°ating  1,5386  ^  Pr°jeCted  *°  te  one  eighth  to  one  quarter  of 
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2)  A  maximum  of  25  pallets  of  equipment  may  be  coated  per  day. 

rTe  pal5els  could  be  Placed  in  Booth  3  per  paint  event  Wash  nnWr  * 

and  topcoat  will  be  applied  to  all  three  pallets  sequentially.  P  ’  ^  pnmer’ 

4)  No  more  than  one  paint  gun  may  operate  in  Booth  3  at  any  given  time. 

,he  Boo,h  r^r 

anticipated  that  Booth  3  'nstant^iwus  coati^us^erates  wflTbe^wer  aTvreil1^6 

3  Par,it'0n  ^  yie'dmg  "  °SHA  ^ 

4.2  BASELINE  STUDY  DESIGN  RECOMMENDATIONS  AND  CONCLUSIONS 

mode“Xt“eih  IT"  P  d“Ced  ^  38  inp“*s  to  «*  tttathematical 

efficient  partita  preSe,nted '  *?  SeCtio"  2  ,0  d<*ve  a  safe  and 

indicated  that  the  exhaust  volume  flow  rate  from  theMCUR^  ”ath1fn,atlcal  analysis 
reduced  by  a  significant  maroin  ~  -  ,he  yCLB  Paint  booths  could  be  safely 

the  recirculation/flow  partitioning  system^eshm  tec  ^  P^°Ved  Veiy  USeftl1  in  developing 
the  existing  (single  the  dala  mdicated  limitations  in 

could  be  altered  or  othe^se  optiSd  to  fiirth  ^  Ve"t,lation  system  Parameters  that 
Apes  omerwise  optimized  to  further  reduce  the  exhaust  flow  rate  vented  to  the 

4.2.1  System  Design  Enhancements/Constraints  Identified  From  the  Baseline  Study 

environment:  poss,ble  level  and/or  ensure  a  safe  working 

0  voIunmflow^ndthCTefo3*6  *°  iinearl?  *»«**  on  the  total  booth 

accordance^th  OSHA  regulations 

such  as  that  provided  by  variable  frequency  drivf  fens  S^fwf^cS 


fort  the  recirculation/flow  partitioning  system  design  required  VFD  fans,  rather  than 
fixed  drive  fans  that  are  commonly  installed  in  most  paint  spray  booths 

2)  The  Baseline  Study  results  indicated  that  the  Booth  2  volume  flow  rate  was 

significantly  higher  than  is  typically  encountered  in  booths  of  similar  cross-sectional 
areas.  The  excessive  flow  rate  was  attributed  to  the  open  face  configuration  of  Booth 
2in  which  the  paint  booth  operator  typically  stood  well  outside  of  the  booth  enclosure 
1  he  booth  ventilation  system  for  this  configuration  was  therefore  designed  to  pull  a 
sufficient  volume  of  air  through  the  booth  to  ensure  that  the  100  fpm  linear  velocity 
required  by  OSHA  is  maintained  outside  of  the  booth  (where  the  painter  stood).  As  is 
typical  for  open-faced  booths,  the  exhaust  fans  in  Booth  2  were  drawing 
approximately  twice  the  flow  volume  required  by  OSHA  if  the  operator  was  actually 
located  inside  (rather  than  outside)  the  booth  area.  It  was  therefore  concluded  that 
enclosing  Booth  2  would  result  in  a  significant  reduction  in  the  Booth  2  volume  flow 
rate,  which  correspondingly  would  reduce  the  exhaust  flow  rate  vented  to  the  APCS. 

3)  A  key  system  design  criteria  that  provided  an  input  to  the  mathematical  recirculation 
analysis  is  that  the  exhaust  filter  system  installed  on  the  booths  must  be  capable  of 
achieving  99%  collection  efficiency.  This  is  particularly  true  for  Booths  2  and  3,  in 
which  primers  containing  hexavalent  chrome  are  routinely  applied. 

4)  In  addition,  the  flow  rate  reductions  were  projected  based  on  an  OSHA  Factor  of  0.65 
or  Booth  1,  and  0.5  for  Booths  2  and  3  in  the  recirculation  duct  upstream  of  where  the 
fresh  make-up  air  is  brought  in.  By  projecting  the  recirculation  rate  such  that  the 
requisite  action  level  is  achieved  prior  to  dilution  by  the  fresh  make-up  air,  the  design 
ensures  that  the  actual  booth  intake  air  OSHA  Factor  will  be  far  less  than  0  5  (In  fact 
calculations  suggest  that  the  actual  intake  air  OSHA  Factor  will  be  less  than  0.3). 

4.2.2  Baseline  Study  Conclusions  and  Projected  Flow  Reductions 

The  results  of  the  mathematical  analysis  developed  from  the  Baseline  Study  data  and  the 
design  criteria  described  above  indicated  that  the  exhaust  flow  rate  vented  from  the  MCLB 
paint  booths  could  be  significantly  reduced  through  a  combination  of  recirculation/flow 
partitioning  and  booth  ventilation  system  optimization.  The  flow  rate  reductions  that  were 
projected  from  the  Baseline  Study  and  system  design  optimization  effort  are  summarized  in 
fable  7.  Key  conclusions  derived  from  the  baseline  study  include  the  following: 

1 )  Measurements  collected  at  the  booth  exhaust  faces  indicated  the  presence  of 

constituent  stratification,  thereby  conclusively  demonstrating  the  applicability  of 
recirculation/flow  partitioning  to  the  MCLB  paint  booths.  These  Baseline  Study  data 
therefore  clearly  indicate  that,  for  the  MCLB  booths,  the  flow  reduction  which  may  be 
achieved  using  flow  partitioning  and  recirculation  is  greater  than  the  reduction 
achievable  via  simple  recirculation. 
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contributedTi^ficMtiy  to^h^flcwreduct16  COa,i"gsappIied  in  Booths  2  and  3 
mathematical^^  A°lh ’“w  ^nnaon  projecnnns  derived  from  the 

part  of  the  retrofit  activities  must  achieve  the  h^h  *1"* ,he.f  xhaust  fiI,ers  installed  as 

indicated  in  Section  4. 1.2,  the  calculations  assumed  Wr^ch^touldh”0'6"^  AS 
the  minimum  acceptable  filtration  efficiency.  "  should  1x1  considered 

With  the  organic  coatln^oLtoente  wMcr^e’1 ‘presmt'^®"  ^  T’ COUpled 
impact  on  the  Booth  I  partition  height  calculation  6  the  greates' 

based  onthemafriOTiatirafm^e^ls^^lfmVm*6  ?Zn!t  b°°,,,s  that  was  p™j<*ted 
APCS  is  limited  to  1,273 mW  (45  oS  cfm  Wh  (5?A°°c6b>-  Hom™- «*  capacity  of  the 
necessary  to  place  an  additional  CMsmtta  on  t'tel MO  ,h‘S  exhausl  flow  ra,e- «  was 

2  and  3  to  sequential  operation.  Thus  it  was  decided  to  dll" '  atl°nsystem  tbat  Umits  Booths 
ventilation  systems  such  that  Booth  I  'could  Zi 1 °  .  and ' '"tegrate  the  booth 

only  operate  sequentially  The  nrimarv  rf»o  ^  l.2*  a°y  tlme’  and  Booths  2  and  3  could 

the  MCLB  booth  partition  heighl  callSationTwIre'd'5  add'ti°”al  operatinS  constraint  is  that 
conservative  position  taken  bylhe  Sle  cZ  T”  V  'Mge  extea  by 
Factor  limits  (note  item  4  indLe  jt  S^nTlIf  *  reCirC“'ation  duct  OSHA 


Table  7. 


Reductions  Projected  fro^^  ***  CorresPonding  Flow  Rate 


Partition 
Height 
meters  (feet) 

Projected 
OSHA  Factor 

Initial  Booth 
Exhaust  Flow 
Rate1 

m3/min  (cfm) 

Final  Booth 
Exhaust  Flow 
Rate2 

m3/min  (cfm) 

\mmm\ 

Mm 

0.65 

1,500  (53,000) 

566 120  0001 

Ss 

1 

■i 

0.5 

1,784  (63,000) 

581  120.5001 

jsss||5 

■Bsmsi 

based  on  b0°* configuration  ****** 
s  emuanon  system  estimates  assummg  1 25  fpm  linear  velocity. 
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4.2  J  General  Comments  on  Recirculation  with  Respect  to  OSHA  Design  Mandates 

The  0SHA  safety  compliance  requirements  codified  in  29  CFR  1 9 1 0  1  non  m  ^  t 
that  engineering  controls  be  implemented  whenever  feasible  i I  Z  mandate 

hazardous  compounds 7  When  such  rnntmic  a  ♦  r  ns  "  ^to  m,nimize  worker  exposure  to 

maximum  level  of  engineering  controls possWe.  ^fore  des,gned  with  the 

despim 

~X^ssi=s££xgEF. , 

o"  pre  m^esTweR '  ,h“S  reCirCUla,i°"  *“  n0t  inherentl*  "**•  *«  4lemeSn 


4.3 


RESULTS  OF  PRE-RETROFIT  CHARACTERIZATION  STUDY 


A  .  A  Pre-Rftrofit  Characterization  of  Booth  1  was  performed  in  the  Fall  of  1 9Q<5  tn  »ec«c 
years  sincethe  B^dinelh  C°nd,t,°nS  *hat  may  have  occurred  in  the  intervening  two 

;rs 

profiles  and  flow  rates.  Sufficient  data  were  collected  for  this  test  series  to  ens^e  th^t  !? 
sigmficant  changes  m  the  recirculation  parameters  were  noted,  corrected  recirculation  ’ 

Refrofit  Char  °  t  d  befdeVel0Ped  The  ^  CritiCaI  measuremei*s  performed  in  the  Pre- 
Retrofit  Characterization  were  exhaust  flow  rate  (presented  in  Section  J  . 

stratification  (discussed  in  Section  4.3.2)  Details S3 to  Zpre2LVtrT 

are  provided  in  Appendix  E,  which  contains  the  a  summary  of  the  data  from  thaTstudy.^10" 

4.3.1  Flow  Rate  Variations 

The  Booth  1  exhaust  stacks  are  configured  such  that  some  cyclonic  flow  exists  at  the 

Therefore- the  dam  from'both  tes“were 

analysis  ofrihe  Booth0]  *°  maxlmu“  JeMem  Possiwe.  The  results  of  a  comparative 
nalysis  of  the  Booth  1  flow  rates  measured  dunng  the  Baseline  Study  and  the  Pre-Retrofit 

Characterization  are  summarized  in  Table  8.  The  percent  difference  between  the  avemge 

w  rates  measured  dunng  the  two  test  senes  is  less  than  10%,  which  indicates  that  Booth  1 
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Changed  S1£mfiCan^ y-rs  following  completion  of  the 


Table  8.  Exhaust  Flow  Rate  Data  Comparative  Analysis  Results. 


4.3.2 


Particulate  Concentration  Profile 


hazardo'us^nst^ftjent^'oncemran'OT^ofife  '^T  ™ 

Pre-Retrofit  Study  was  to  assess  whether  n  tt^e  fUSt  ^ace  Therefore,  an  objective  of  the 
changed;  pan.cu.^",^ '  “ 

selected  partition  heieht  The  rairniot,«„  ,  .  „  *  °*  material  found  below  the 

that  the  partition  height  should  be  locatedbetolen  theThird  fnd  fcTrth  ^  Tr!* indicated 
north  and  south  exhaust  faces  Therefore  the  i  •  rd  an(1  fourth  row  of  filters  at  the 

found  below  each  of  these  heights  measured  durin^theCS^inedSmdPet^Cth,  °f  1 Panic“late 

"dor^ee,Re,rofii  s,udy  rhe  resuhs  values 
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higher <* "°“d «-*-» <ha. a 

sSSSSSESpsESS: 

Factor,.  Thus  it  was  deeded  JL  adjti,  See. 


Table  9.  Particulate  Stratification  Data  Comparative  Analysis  Results. 
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SECTION  5 

PAINT  BOOTH  MODIFICATION  DESIGN  ELEMENTS 


the  EPA/USMC^chnolo^I^^^strahon^m0^1  ^Catl01?.  e^orts  completed  under  Phase  n  of 
design,  integration,  and  operation  management  Sth!* Anhe™ vT T  °f  S®VeraI  key  system 
was  recognized  that  implementing  standard  industry  nrarti  ^ T*?  Stages  of  the  ProSram>  it 
facilitating  technology  transfer  upon  comnletion  aTwn*  “  Sf  .design  phase  was  crucial  for 
greatest  extent  possible.  U s sEmefcf  t0  the 

activities  were  executed  with  this  goal  S  Tf  des,gn  a"d  lnstal,ation 

certain  level  of  customization:  §  H°Wever’ the  foIlowing  system  elements  did  require  a 


* 

concentrations  "in^the  “  mmim,Ze  “nt 

Coordinate  paint  bopth/APCS  system  integration  and  interior^  r>r^r^t,>nr 

f=^^rs^rr;;=:r:sri-*” 

consideration  throughout  the  Phase  II  effort.  y 

tedop  an  efficient.  folly  integrated  safety  monitoring  system  .  tk. - - 

s^da^s^Utotn  limiting  bw>tii1ofwrating>sdi^uirso^pro^ss*fIetdbiHtyXPOSUre 
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5.1 


VENTILATION  SYSTEM  FLOW  RATE  CONSIDERATIONS 


“on-  AS  the  Program  proceeded  beyond  the  source  cvaluationefforts  of  the  r,  J  i 
Study  (Phase  I)  system  design  and  inflation  (Phase  II),  i,  iSSStaX 
flow  reduct, on  strategies  should  be  investigated  to  maximize  the  econZic  blefits  X  ' 

ZXnt“„aC,iVi,,eS  ^  ^  **"  0Pl'0"S  *  *»  investigation  are 

5.1.1  Advantages  of  Flow  Control 

Irrespective  of  recirculation  considerations,  booth  ventilation  rates  shnnlH  Kp  ™  +  n  a 

1^00  dn^e  fans^^^re  rated  ^lffki^itly^igh*  to  ensu^^tt^ieOSll^  mandated 

i=JSIiis~5H 

Thus  flow  control  actively  promotes  cost  effective  ventilation  system  operation 

A  third  reason  for  controlling  flow  rates  in  recirculation/flow-partition  systems  is  to 

oSsZS;^ 

stream  SaS,XraeThiS™”d  ‘°  bTme  m°re  qUickly  ,han  ,he  r«i^ion 

increase  more  raDidlv  than  th  ^  ***  pressure  drop  across  the  exhaust  stream  filters  to 

ft™  !f?  1  ■  ,h  *  pressure  dr°P  acr«>ss  the  recirculation  stream  filters  Unless  the 

™  6,in  the  rocirculation  and  exhaust  ducts  are  controlled,  the  increased  exhaust  filter 
p  ssure  drop  will  cause  air  flow  pattern  migration  from  the  exhaust  stream  (below  the  partition) 

sfrat^catioTMtem8^6^11  (f  °Ve1!he  partition>  This  would  disturb  the  normal  overspray 

in  the  recirculation  stream^F^^  y  mCreased  concentration  of  hazardous  constituents 

recirculation  stream.  Flow  control  prevents  an  imbalance  in  exhaust  flow  through  the 
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filters  above  and  below  the  partition. 

5.1.2  Flow  Control  System  Employed  on  MCLB  Paint  Booths 

measurement to  “T'n  “  3  feedback  '°°P  comP°sed  <* •  »•* 

equipped  fan  LZ.  ITedm  ^  S anT^t  "7  ^ 

pneumatic  signal  to  the  flow  transmitter  tk  ^  •  u  senses  the  tlow,  then  sends  a 

proportional  eiectrieal  signal  to  the  P™lr"  K'f  a  flow 

s  too:a„t,h:„r;,:::Ltr  :;ir the  flo:  f 

controls  the  fan  mo»““  ^  ^  V3n3ble  freW  d™,  which  d.rectly 

served  by°2 >  r“°"  *"»•  which  is 

flow  probes  oriented  at  right  angles  and  which  arc  l  re*'^cu  atlon  duct 's  served  by  a  pair  of 

2T  md  fa*fc  ■—  hnesnarusedT;or,tetrpSS,0nS  ““ 


specificall^OTHVACand  'proS^  ^P'0'  ^  ^  probes  ,hal  are  “""Actured 

.o  the  square  onflow  ?*"  3  Phonal 

performance  pressure  transporters  that  typ.caOy  ha^rcrhmXroTi:^ 

compon^m  o"XTeSbL?ctS^nB^UraT  7 0Perat,°n31  *  a"  ™P°na"‘ 

calculates  the  process^enor and  generariis  aconectiontn  i^sigM^to ^hansm'tter> 

aTZC^I^rir^^  “  “  ‘he  to  riim 

corrections  without  process  °^rehoot  or  ^dereh^.'car^be'akmgtahorious'process00'!^)  reduce 
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thi  p  j.  °rts,  automatic  (self  tuning)  controllers  were  installed  on  the  MCLB  paint  booths 
this  capability  enabled  the  system  programmer  to  quickly  establish  estimated  valuesfor  the  ’ 
proportional,  integral,  and  derivative  (PID)  settings  (which  define  the  controller  response 
aractenstics).  After  the  approximate  settings  were  defined,  the  desired  characteristics  were 
manually  adjusted.  Final  PID  settings  were  established  after  the  booths  were  connected  to  the 

APCS  by  trimming  the  booth  system  responses  to  match  the  APCS  induced  draft  fan 
characteristics. 

Although  the  controllers  were  built  with  many  options,  one  proved  to  be  absolutely 
necessary.  An  input  filter  for  electronically  smoothing  the  signal  from  the  pressure  transmitter 
as  invaluable  for  stabilizing  the  flow  signal,  which  (at  low  pressure  levels  [  <996  Pa  ( 04  inch 
w.c.)]  tended  to  cyclically  deviate  from  the  true  value. 

.,  *n  j*ddltI0n’ the  flow  controllers  have  the  capability  to  accept  a  remote  signal  that  adjusts 
e  controller  setpoint.  Although  this  feature  was  not  used  for  the  MCLB  installation  it  may  be 
useful  m  more  complex  applications  for  handling  flow  effects  of  multiple  (>5  )  booths  that Y 

dev!ieU°US  y  CyClC  °n  3nd  °ff  and  Which  are  difficult  to  accommodate  with  a  single  control 


The  VFD  components  were  selected  to  be  consistent  with  the  APCS  drives  Each  drive 
accepts  a  4-20  mA  signal  from  the  controller.  Each  VFD  is  equipped  with  a  number  of 
lagnostic  messages  on  the  front  panel  and  many  registers  for  customizing.  A  readout  in  Hz 
enables  the  user  to  monitor  fan  speed  as  a  function  of  fan  flow. 


5.2  SAFETY  MONITORING  SYSTEM 


Every  <fon  was  made  to  design  and  install  the  MCLB  booths  such  that,  even  under  high 
coatmg  usage  (worst  case)  conditions,  the  hazardous  constituent  concentrations  conform  with 
constraints  established  by  Equation  2  in  the  recirculation  dust  upstream  of  where  the  fresh 
make-up  air  is  introduced.  A  recirculation  duct  monitoring  system  was  also  designed  and 
installed  as  an  added  safety  feature.  The  safety  system  employees  an  FTIR  to  continuously 
onitor  the  recirculation  stream  organic  concentrations  (specific  information  relating  to  the 
FTIR  system  operation  is  provided  in  Section  2).  This  system  assesses  the  quality  of  the 
recirculation  air  as  it  exits  the  paint  booth  on  a  real-time  basis.  Booth  1  was  equipped  with  a 
dedicated  safety  monitoring  system,  and  Booths  2  and  3  share  a  single  monitoring  system  This 
configuration  was  selected  because  Booth  1  must  be  capable  of  full  operation  at  all  times 
whereas  Booths  2  and  3  were  designed  to  operate  sequentially. 

.  .  .  Ea^Safety  monitoring  system  is  programmed  with  two  alarm  setpoints,  or  action  levels 
which  modify  the  booth  operation  to  reduce  recirculation  stream  constituent  concentrations  If  ’ 
the  recirculation  duct  organic  concentrations  measured  by  the  FTIR  exceed  the  first  action  level 
the  paint  delivery  system  is  shut  down,  which  immediately  curtails  coating  delivery  to  the  paint  ’ 
gun,  and  stops  the  release  of  hazardous  constituents.  The  paint  delivery  system  remains  in  the 
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for  some  reason  the  concentration 1™™!!!°"  drop .below  ,he  “tablished  set  point.  If 

large  quantity  of  paint  is  spilled  in  the  booth  or  highTOC  'leveTr^fT  fS“Ch  “ ,f  a 

booth  control  system  activates  dampers  to convwte  ^  «* 

action  instantly  reduces  the  in-booth  hazardous  con  “^cen£Zs  XsT  ^ 
latched,  meaning  that  the  alarm  mmninc  concentrations.  This  alarm  is 

resets  the  alarm.  For  the  second  action  level  aTweh  asfteTra* ^  a"d  ‘hen 
=,n, he  off  mode  until  concentrations  in  the 

elimi„a!edSZiXchantes  mCter  ZZ5  V *  Setpoim M  ™11  eventually  be 

include  1,  pointing  spray  ^u^owdleSimM  T*"* ,ha'  resu"  ™  excursions 
with  the  fans  off  for  an  extended  period  thus  ™  ^  dUCt  unnecessarily;  2)  mixing  paint 
before  turning  on  the  fans  After  a  short  Ip  •  °  utlnS t0  so^ent  vapor  build-up  in  the  booth 
alarai,  conveLn  tot^e  p^sh ^7^  *  ^  V0C 

5  3  HIGHpERFORMANCE  PARTICULATE  FILTRATION  REQUIREMENTS 

co„,ai„sta°vSSZ Sma"  rWl''eS °f 3 "* P™- tha, 
established.  The  Booth  2  and  3  n!  2  ^  prevlousl>'' a  verV low  PEL  has  been 

the  potential  presence  of  hexavalent  chrome  fn  the  ov  atl°nS  ^ere.ln^uenced  to  a  great  extent  by 
duct,  thus  it  was  deemed  appropriate  to  emnln  r-..  rsPray  at  ls  directed  to  the  recirculation 
of  particulate  control  possible.  P  y  a  » tration  system  that  achieves  the  highest  level 

minimize  the  solid  phasT haz^dous  com 00°"  !ySt6m  Was  selected  for  the  MCLB  application  to 
decision  was  reached^  in  the  recirculation  duct.  This 

ssr for  variou$  coa,ras  “  “<■ 

designed  M'th  single  sttgfSa  such™  fitergtesTr  kr^mpeftta  ha"  are 

stage  filters  tend  to  have  relatively  hiphpr  pi  W  C’ j  However’  bigh-efficiency,  multi- 

more  expensive  than  traditional  filte/systems^As^ucTthere  [can"85'  *'*  a'S°  somewhat 

the  filters  to  a  reasonably  high  pressure  drop  prior  to  replacement  m'C  '°  driVe 

related  fcTSTZffr?'  “  ^  invo|v«  the  consideration  of  severe, 
differentials  which 
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P"1"'  plenumTi^lTatthe^ 

sstssr^r--- 

nanaie  a  l /a  Fa  (.7  inch  w.c.)  or  more  pressure  drop.  y 

oft.  -P6  operating  life  of  each  stage  of  the-3  stage  filter  system  varies  not  only  as  a  function 
of  the  filter  material,  but  also  as  a  function  of  other  qualitative  and  quantitative  painting 
parametersThey  include  such  workplace  characteristics  as  workpiece  configuration,  aerosol  size 
,  U  10ns’ coating  transfer  efficiency  and  dropout,  and  operator  habits,  etc.  To  establish  the 
replacement  frequency  of  each  of  the  filter  stages  in  the  MCLB  paint  booths  two  represent rive 

the  naerlrentS  70*  (°“  ab°Ve  the  partition  in  the  circulation  zone,  and  one  below 

trT  m  he  exhaust  ZOne)’ and  pressure  differential  gages  were  installed  across  each 
*age  of  these  representative  elements.  The  elements  were  selected  to  reason^ ^present  the 

tan  particulate  loading  level  in  each  of  the  two  zones.  By  installing  a  static  pressure  nmhe 
between  stages  1  and  2  and  one  between  stages  2  and  3  and  referencing^  t oEanS 
plenum  pressures,  respectively,  three  discrete  pressure  signals  are  available  from  each 
representative  element.  The  probes  are  connected  to  manometer  gages  mounted  on  the  exterior 

These  aa  h’  thusProvidin8  a  means  of  measuring  the  pressure  differential  across  each  stage 
se  gages  provide  information  for  determining  whether  the  first,  second,  or  third  stage  needs 
replacing  when  the  overall  pressure  exceeds  2.0  inch  w.c.  ’  g 

filter  T(rleailfilter  Pressure  drop  is  directly  proportional  to  the  linear  face  velocity  through  the 
filter.  Therefore,  controlling  the  flow  rate  through  each  booth  produces  the  added  benefifof 
reducing  the  clean  pressure  drop  insofar  as  possible.  For  booths  2  and  3,  the  face  velocities 
through  the  exhaust  filters  is  134  fpm,  which  corresponds  to  a  clean  filter  pressure  differential  of 
approximately  0.5  inch  w.e.  across  all  throe  stages.  The  original  Booth  1 e”f^“ 
nfigured  stich  that^even  with  the  flow  rate  reductions  achievable  by  flow  control  a  200  fpm 

I  ^  8"  *"■' "*  retrofi*  considered  ,3, o 

achieve  reasonable  filter  replacement  intervals,  thus  the  exhaust  system  was  redesigned  to 

accommodate  an  additional  row  of  filters.  This  successfully  reduced  the  linem  Sfvdiiro 
differential  0  ™ tch^'  ^ '°  ^ ^  ^  “"“P0"*  *°  a  clean  filter  pressure 

Ihe  n„/°,r  earh  booth:.the  Pressurc  sages  provide  input  to  the  booth  control  panel,  and  notifies 
the  operator  of  impending  filter  replacement  requirements  via  a  2-level  warning  system  The 
fct  level  is  triggered  at  a  2.0  inch  w.c.  pressure  drop,  and  notifies  the  ope^or  toSulI  a 
filter  change  The  second  level,  which  occurs  at  2.5  inch  w.c.,  disables  £  Ch  fans  tSerebv 
maintaining  a  reasonable  pressure  differential  in  the  plenums  and  ductwork  This  0  5  inch 
margin  was  provided  in  an  effort  to  reasonably  extend  filter  life  and  n„n,m,ze  „^a,,„g  c„sls 
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5.4  FINAL  FLOW  RATES 


significant  flow 

booth  exhaust  flow  rntes  ach,^d“L^2“  bl  Jfo  ‘  The'  TT?’  *“ 

aaiariK&ssai, 

Table  1 0.  Summary  of  Volume  Flow  Rate  Reductions  Achieved  for  MCLB  Paint  Booths 
^  1 .  .  I Pr0jected  from  Baseline  Study1 1  Final  Configuration 


Overall 
Percent  Flow 


Projected  from  Baseline  Study1 

Volume  Flow 
m3/min  (cfin) 

Exhaust  Flow 
m3/min  (cfin) 

1,019  (36,000) 

566  (20,000) 

906  (32,000) 

580  (20,500) 

623  (22,000) 

393  (13,900) 

2,547  (90,000) 

1,539  (54,400)  2 

1  Details  provided  in  Section  4. 

capac"y °f  1274  4  <45'“» 

maximum  volumetric  flow  rate  vented  to  the  APTS  a  40411  ^  °r'en‘t,cm  “V  For  this  reason,  the 

a«nbu Jd.eo  ^  MCLB  >"fa*  b°°'h  "«">*  *«**  is 

the  flow  convol  feature  reduCtlon  "*”* i$  attnbu,ed 

2>  Through  insolation  and  operation  of 

p  i  ionmg  was  limited  primarily  by  the  conservative  EPA/MCLB  decision  to 


establish  large  safety  margin  for  the  recirculation  duct  OSHA  Factor.  Greater  flow 
reductions  may  be  achieved  via  recirculation  for  facilities  that  either  employ  more 
stringent  protective  equipment,  or  do  not  adopt  an  approach  that  is  not  quite  so 

f'rtticpn/afn/o  ” 


5.5 


3) 


BOQTH  2  ENCLOSURE  As  discussed  in  Section  4,  Booth  2  was  originally 
con  igured 1  as  an  open  face  booth,  and  therefore  operated  at  a  significantly  higher 
ow  rate  than  is  necessary  for  a  fully  enclosed  booth  of  similar  size.  By  enclosing 
Booth  2,  the  flow  rate  vented  to  the  APCS  was  reduced  by  an  additional  23%. 


MANAGEMENT  By  alternating  the  operating  schedules  for  Booths  2  and  3 
the  volumetric  flow  rate  vented  to  the  APCS  was  reduced  an  additional  14%  The  ’ 
2Uentlual  °Pff ion  of  Booths  2  and  3  is  controlled  from  a  single  interface  panel. 
Although  each  booth  is  internally  equipped  with  full  operation  capabilities  the 
circuitiy  is  designed  such  that  only  one  booth  can  be  run  at  a  time.  The  operating 
booth  is  selected  via  a  front  panel  switch,  which  is  locked  for  supervisor  control  The 
safety  monitor  is  devoted  to  whichever  booth  is  operating,  and  the  sample  inlet 
direction  is  controlled  with  a  three-way  valve  connected  to  the  panel  mounted  switch. 

PAINT  BOOTH/APCS  SYSTEM  INTEGRATION  REQUIREMENTS 


vanahi7hTiM^LBuPamut  b°°th  0pCrating  schedules  are  frequently  demanding  and  generally 
vanable^  The  two  booth  areas.  Area  1 1  (Booths  2  and  3)  and  Area  18  (Booth  1)  are  managed  by 

d  fferent  supervisors.  Booths  2  and  3  are  designed  for  sequential  operation  (i.e  these  boofhs 
cannot  be  operated  simultaneously)  due  to  flow  capacity  of  the  APCS.  Given  the  process 
constraints  and  area  management  structure,  the  importance  of  adequately  linking  booth 
venti  lation  systems  with  APCS  operation  was  apparent  from  the  initial  stages  of  Phase  II  To 

anrth?iprnreSSary  SyStgm  C00'dmatl°n  Procedures  and  handshake  signals  between  the  booths 
and  the  APCS,  various  startup  and  operation  strategies  were  identified  through  a  detailed  “what 


The  startup  strategy  was  developed  based  on  the  premise  that  the  booths  and  the  APCS 
form  an  integrated  process,  thus  all  painting  operations  rely  on  proper  functioning  of  the  APCS 
Booth  operators  must  be  able  to  detect  at  a  glance  whether  the  IpCS  is  available  for  serv^e  or 
is  down  for  maintenance.  After  this  is  determined,  and  the  start  button  is  pressed  startup 

Thp0Zth  f  automatlcaIIy  executed  ^eps  that  include  several  system  condition  tests 
The  booth  ventilation  system  and  APCS  operations  are  activated  only  after  these  checks  are 

satisfactorily  completed  to  ensure  simultaneous,  smooth,  and  safe  system  integration.  The 
following  summarizes  the  integrated  system  sequence  of  operation: 


1}  The“APCS  Ready”  signal  sent  from  the  APCS  control  network,  indicates  the 
availability  of  the  APCS  for  booth  service.  The  “APCS  Ready”  light  on  each  booth 


53 


control  panel  is  illuminated  when  this 
started  until  this  signal  is  received. 


signal  is  received.  The  booths 


can  not  be 


2)  £  rr  ™  f~°ad 

Enable”  hgh,  is  illuminated.  A.  this  stage,  booth  fans  remamimmobile"  SeqUenCe 

3>  X^a^  indicator  light 

"Start  Permissive”  signal  is  contrX^bv  ^  a  Jr-7  (fonf  rd> command.  The 
APCS  operation  with  booth  exhaust  fan  activation.  netW<>rk '°  Pr0P“,y  coordina,e 

4)  pTssr 

after  a  time  delay.  when  system  ts  shut  down,  the  exhaust  dampers  close 

programmable  and  is  canah1P  nf  *_  anve-  The  controller  is 

additional  control  via  the  APCS  network^011*  C°ntro1  should  this  be  required  for 

detected  Jboth  a  fihef maintenance  warning  ujt Wc  ).a%oss  the  exha«st  filter  is 
activated.  nienance  warning  light  and  an  audible  alarm  signal  are 

?)  e^a^rS^  differential  (2.5  inch  w.c.)  across  the 

from  the  power  sources,  ’a  filter  shutd^v^mrt^  d°T’ the  WD  is  disconnected 
and  a  visible  beacon  are  activated.  Ca  °r  1S  ltj  and  botb  an  audible  alarm 

8>  Lf|llummated,IOn  ^  ****’  **  “Recirculation  Fans  Running”  light 

9)  ^e,hTira“°^r™nS  ^ the  “ExhaUS«  E™><  Swftch”  is  closed, 

,0>  iMuminat^f51  ^  *  0Pm,in8  pr0perly- the  Fan  Running”  light  is 

^  access  door  is  opened,  a  timer 

valve  shuts  off  paint  flow.  ttmg  (aPprox,mately  1  minute),  a  solenoid 

)  high  VOC  level  triggers  the  “High  Solvent  Concentration  Level  1  ”  light.  This  light 
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switched  via  the  safety  monitor,  and  paint  supply  is  shut  off.  The  monitor  system 

ThteSed  t0  aut°mat,cally  c[ear  this  condition  once  VOC  levels  return  to  nornial 
strategy  was  devised  so  that  only  minimum  production  delays  are  experienced. 

13)  Ai!T?Um  V°C  !eVd  triggerS  the  "HiSh  Solvent  Concentration  Level  2”  event  in 

renTeVtnetrnitt0rJa/ChuS’  pamt  mT  SUpp,y  is  shut  off’  and  the  ^circulation  air  is 
vented  to  the  outside  (which  converts  the  booth  ventilation  system  to  single-pass 

operation).  The  alarm  controller  also  activates  a  siren,  a  flashing  beacon  and  a 

Tt,  ThC  alafm  ‘S  latCh6d  3nd  may  be  cleared  only  by  manual 

interface  with  the  safety  monitor.  Only  authorized  personnel  have  access  to  the 

monitor  to  clear  the  signal;  this  allows  a  review  of  the  conditions  that  initiated  the 


14)  For  diagnostic  purposes,  a  number  of  signals  are  relayed  to  the  APCS  control 
for  storage  and  historical  trends.  These  signals  include: 


computer 


-  Exhaust  flow  rate 

-  Recirculation  flow  rate 

-  Booth  temperature 

-  Exhaust  filter  pressure  drop 

-  Recirculation  filter  pressure  drop 

-  Booth  in  single  pass  mode 

-  Booth  emergency  stop 


' 5)  provided  ,0  preveM  low  flow  ra,e  “nations  caused  by 

kiose  drive  belts.  The  APCS  computer  compares  the  flow  rate  signals  that  are  received 

from  an  on-lme  booth.  If  the  flow  rate  is  below  the  established  setpoint  by  20  percent  or 
Zemte  inngagCSi 3  "  °W  °n  booth  This  ensures  tha“he  booths^lways 


,1°  has  PTer’  "°  alarms  “8^.  and  compressed  air  is 

emergency  stack  damper  is  closed,  the  recirculation  dampers  are  open  and 
the  booths  proceed  to  operate  in  recirculation  mode.  If  a  booth  panel  Quires  poCerinu 

™“stvrrzreddampers  mUS,  *  ^  viaPma„uaf 


1 7>  !';he;;fir.ruprf0n  “i31™”  is  ,ng8ered'  p°wer  to  the  booths  is  shut  off,  and  dampers 
just  to  then  fail  open”  conditions.  The  fire  suppression  panel  controls  its  own  audible 

"nle„fa:rj,hsa"  ^  thC  *  independent  of t 
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SECTION  6 

TECHNOLOGY  DEMONSTRATION  STUDY  RESULTS 

of  the  program  a"d  installation  of  the  spray  booths.  Phase  III 

the  Phase  III  effort  was  fo  T*™  W&S  initiated  The  objective  of 

production  environment  behaves  mechanicallv  and  funrt  °W  Eart,tl0n  ^ystems  mstalIed  in  a 
necessary  to  confinn  that  the  ’75**  ^  *  W3S 

established  safety  level,  and  that  recirculation  has  little  •  he  recircu,atlon  duct  are  below  the 
the  vicinity  of  the  paint  ^  ^  “  C°nStitUent  concentrations  in 

they  provide  an  indication  of  the  operational  comnllTn  mgrfultsare  Particularly  important,  as 
requirements.  Supplemental  data  ^  eXP°SUre 

the  exhaust  face  of  each  booth  were  also  d  ^  concentration  profiles  at 

height  was  required  at  a  later  date  The  test  matriv  th  /  adJustments  *n  the  partition 

6.1.1  Measurement  Objective  and  Results 

Study  PlBSe  1  Characterization 

rates  for  each  of  the  three  MCLB  Sim  booths  The!  corresP°ndmg  recirculation 

premise  that  the  concentrations  in  the  recirenlaf  a  <?timates  were  developed  based  on  the 
must  conform  with  the  OSHA  Factor  restriction  hnno^/h  S  °f  the  fresh  make'up  air  intake 
objective  of  the  recirculation  duct  measurements  k  by  Equatlon  2  Correspondingly,  the 
these  partition  height/recirculation  rate  estimate  cnbed  here  was  t0  confirm  whether  or  not 

determining  the  c<^tituent  conc^trafions^rfd  corresjwndlng  OSHAFa  acco?pb;?ed  by 
recirculation  duct  upstream  of  the  frech  corresponding  OSHA  Factors)  in  the 

analysis  procedures  employed  for  these  measur^entTare6'  t0  the  samplinS  and 

respectively.  ments  are  summarized  in  Appendices  A  and  B, 

calculate  for^te'  *?i n*ea*ure,ne«s und  OSHA  Factor 

chrome  date  reporied  iVi^  13  and  u  Z"  K  “  12  ,hrou*h  14  The  "exavalem 
reported  for  Booths  I  and  2  Details  pertainins  bIankf,rrec,ed-  as  Kel1  as  the  HDI  results 
included  in  the  Qnahty  -tree, ion  procedures  are 

More  detailed  information  relating  to  the  OSHA  Facmr  2i  ?!  SSI?n  provided  m  Section  9. 
duct  sampling  events  is  provided  fa  Appendix  D.  culatl0ns  for  each  of  the  recirculation 
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Table  1 1.  Test  Matrix  for  Demonstration  Study. 


Objective 


WVI.V1U1UIV  JWUVliidl 

duct  concentrations 


in  the  vicinity  of  the 
paint  booth  operators 


concentration  profile 


duct  concentrations 


in  the  vicinity  of  the 
paint  booth  operators 


Determine  exhaust  face 
concentration  profile 


Determine  recirculation 
duct  concentrations 


in  the  vicinity  of  the 
paint  booth  operators 


Determine  exhaust  face 
concentration  profile 


Parameter 

Sampling  Method 

Recirculation 

ducts 

Metals 

Isocyanates 
Speciated  organics 
Total  organics 

Flow  rate 

EPA  Method  006012 
EPA  Method  006 1'7 
EPA  Draft  Method18 
NIOSH  130010 

EPA  Method  25A14 
EPA  Method  216 

Vicinity  of  paint 
booth  operators 

Metals 

Isocyanates 
Speciated  organics 

NIOSH  73008 

OSHA  427 

NIOSH  130010 

Exhaust  faces 

Metals 

Speciated  organics 

NIOSH  73008 

NIOSH  130010 

Recirculation 

ducts 

Metals 

Isocyanates 

Speciated  organics 
Total  organics 
Phosphoric  Acid 
Flow  rate 

EPA  Method  0061 17 
EPA  Draft  Method'8 
NIOSH  1300'° 

EPA  Method  25A16 
NIOSH  7903 18 

EPA  Method  216 

Vicinity  of  paint 
booth  operators 

■  Metals 

Isocyanates 

Speciated  organics 
Phosphoric  acid 

!  NIOSH  73008 

OSHA  427 

NIOSH  1300'° 

NIOSH  7903 18 

Exhaust  faces 

Metals 

Speciated  organics 

NIOSH  73008 

NIOSH  1300'° 

Recirculation 

ducts 

Metals 

Isocyanates 

Speciated  organics 
Total  organics 
Phosphoric  acid 

Flow  rate 

EPA  Method  0061 17 
EPA  Draft  Method18 
NIOSH  1300'° 

EPA  Method  25A16 
NIOSH  7903 18 

EPA  Method  2 16 

Vicinity  of  paint 
booth  operators 

] 

Metals 

Isocyanates 

Speciated  organics 
Phosphoric  acid 

NIOSH  73008 

OSHA  427 

NIOSH  1300'° 

NIOSH  7903 18 

Exhaust  faces  ] 

< 

VIetals 

speciated  organics 

NIOSH  73 008 

NIOSH  1300'° 

Table  12.  Booth  1  Recirculation  Duct  Constituent  Sampling  Results. 
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Table  13.  Booth  2  Recirculation  Duct  Constituent  Sampling  Results. 

Test  1 _ Test2  Test  3  Test  4  Test  5  |  Test  6 

North  South  North  South  North  I  South  North  I  South  North  I  South  North  I  S 
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Table  14.  Booth  3  Recirculation  Duct  Constituent  Sampling  Results 


i 
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The  coating  usages  recorded  during  each  test  are  indicated  in  Table  1 5  Note  that 

Sest  olvlTfl  W^.“ t0  reflect  coating  usage  rates  for  worst  case 

(highest  OSHA  Factor)  conditions,  the  paint  application  rates  recorded  are  much  higher  than 

typically  occur  at  the  MCLB  facility.  There  was  some  concern  that  perhaps  the  Boo*  2  test 

conditions  during  the  recirculation  test  senes  were  excessive,  thus  additional  coating  usage  data 

Lit  rRelT  ?°°th  2  °Peratlons  were  aIso  collected.  This  "standard  coating  usage  rate" 
data  for  Booth  2  are  also  summarized  in  Table  15.  g  e 

6.1.2  Implications  of  Recirculation  Duct  Sampling  Results 

Mn  R  nS1?u'Ca!ud  in  Jables.12  throuSh  14>  the  quality  of  the  respirable  air  introduced  into  the 
SS*;  dete™"Kd  circulation  duct  sampling  results  confonns  2 

llv  h,  d  requirements  mandated  by  OSHA  and  codified  in  29  CFR  1910  1000  7 
Additional  conclusions  from  Tables  12  through  14  results  include  the  following: 

Despite  the  fact  that  a  high  efficiency,  3-stage  particulate  filtration  system  was 
installed  on  all  the  booths,  there  were  still  traces  of  hexavalent  chrome  measured  in 
the  booth  2  and  3  exhaust  streams.  Because  hexavalent  chrome  can  be  a  major 
contributor  to  the  OSHA  Factor  summation  equation  (ranging  from  15  to  87 

*feSenCe  °ftJhis  comPound  has  a  significant  impact  on  the  magnitude  of 
th  aC  °rs  reP°rted  m  Tables  13  and  14.  The  filter  manufacturer  claims  that 

the  presence  of  hexavalent  chrome  is  due  to  leakage  around  the  filter  frame  (at  the 
p^nt  of  attachment  to  the  third  stage  of  the  filter)  and  is  currently  exploring  design 
anges.  The  fact  remains  that  hexavalent  chrome  was  measured  in  the  recirculation 
ducts,  and  therefore  did  impact  the  Booth  2  and  3  OSHA  Factor  results 
[Note:  Metal  samples  from  the  Booth  2  and  3  recirculation  ducts  were  collected  in 
accordance  with  EPA  Method  0061 for  hexavalent  chrome.  Metal  samples  in  the 
Booth  1  recirculation  ducts  were  collected  in  accordance  with  EPA  Method  0060  for 
total  chrome.  Hexavalent  chrome  in  not  used  in  booth  1.]  ' 

•  The  source  of  hexavalent  chrome  in  the  CARC  paint  system  is  the  wash  primer 
matenal  which  is  typically  used  in  small  quantities  in  Booths  2  and  3.  As  noted  in 
Section  6. 1,  a  high  wash  primer  usage  rate  was  imposed  for  the  Booth  2  recirculation 
ests  to  ensure  that  booth  2  results  represented  worst  case  conditions.  The  paint  usage 
ata  reported  m  Table  15  indicate  that  the  average  wash  primer  usage  during  the  1 
hour  recirculation  duct  tests  was  17  kg,  however  typical  booth  2  production  levels 
require  only  2.3  kg  of  wash  primer  per  hour  of  operation.  Thus,  the  booth  2 
recirculation  test  results  indicate  that  the  0.5  OSHA  Factor  target  level  in  the 
redrcularion  duct  upstream  of  where  it  is  diluted  with  fresh  make-up  air  will  only  be 
slightly  exceeded  (to  0.67),  even  when  the  throughput  rate  is  seven  times  higher  than 
typical  production  levels.  Moreover,  due  to  the  dilution  effects  of  the  fresh  make  up 
air  that  is  mixed  with  the  recirculated  air,  the  quality  of  the  paint  booth  intake  air 

(compnsed  of  recirculation  air  +  fresh  make-up  air)  does  not  exceed  the  target  0  5 
OSHA  Factor. 
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Table  1 5.  Paint  Usage  Rates  Recorded  during  Painter  Vicinity  OSHA  Factor  Measurements. 


Location 


Booth  I 

Both  painters  apply  topcoat  + 
thinner  only 


Condition 


Single-Pass 

Operation 


Recirculation 

Operation 


Painter  1  I  Painter  2  I  Total 


Average 


_ 22.3  kg 


28.29  kg 
22.79  kg 
28.36  kg 
20.33  kg 
26.23  kg 
15.90  kg 


20.67  kg 
31.00  kg 
26.13  kg 
24.55  kg 
29.47  kg 
31.06  kg 


44.67  kg 


48.96  kg 
53.79  kg 
54.67  kg 
44.88  kg 
55.70  kg 

46.96  kg 


Booth  2 
Painter  1: 
primer  only 

Painter  2: 
topcoat  +  thinner 


Single-Pass 

Operation 


Recirculation 

Operation 


Average  J  7.58  kg 


Test  1 
Test  2 
Test  3 
Test  4 
Test  5 
Test  6 


17.27  kg 
12.29  kg 
19.97  kg 
23.04  kg 
14.20  kg 
15.36  kg 


Booth  3 

Painter  1 :  primer  use 
Painter  2:  topcoat  +  thinner  use 


Note:  only  one  painter  is 
present  in  booth  3;  the  painter 
continuously  shifts  from  primer 
to  topcoat  application 


Wash  Primer  Usage: 
4.6  kg  /  2-hrs 


Single-Pass 

Operation 


Recirculation 

Operation 


& 

20.43  kg 
30.64  kg 
17.66  kg 

35.35  kg 

13.36  kg 
20.43  kg 

- ^ 

37.7  kg 
42.93  kg 
37.63  kg 
58.39  kg 
27.56  kg 
35.79  kg 

22.98  kg 

Topcoat  Usage: 

11.39  kg  /2-hrs 

Average  |  3.97  kg  |  5.76  kg 


6.15  kg 
6.91  kg 
6.15  kg 
8.05  kg 
4.61  kg 
4.61  kg 


6.29  kg 
4.71  kg 
4.71  kg 
4.71  kg 
7.67  kg 
7.64  kg 
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The  goal  of  maintaining  hazardous  concentrations  in  the  recirculation  duct  at  a 
location  upstream  of  the  fresh  makeup  air  intake  near  the  level  established  bv 
Equation  2  was  met  for  12  of  the  17  individual  measurements.  The  average  OSHA 
actor  measured  in  the  Booth  1  recirculation  ducts  prior  to  mixing  with  the  fresh 

nluT?  T  WaSf°-5!’ Which  is  Slightly  above  the  0  5  terget  value-  The  calculated 
OSHA  Factor  is  further  reduced  to  0.24  at  the  booth  intake  due  to  dilution  by  the 

,,eSb  make;UP  a,r  ,N°te  hJ°Wever  that  the  hi§h  Production  throughput  under  which 
the  Booth  1  recirculation  duct  measurements  were  collected  represent  extreme 

worst-case  conditions  which  are  atypical  for  this  facility.  Thus  the  OSHA  Factor  in 
the  recirculation  duct  under  normal  operating  conditions  will  remain  well  below  the 
0.5  setpoint  level,  and  the  quality  of  the  Booth  1  intake  air  determined  from  the 
recirculation  duct  data  will  remain  below  0.25. 


•  As  indicated  in  the  results  presented  in  Table  14,  it  appears  that  the  assumptions 
employed  to  estimate  the  proper  partition  height  for  Booth  3  were  conservative. 

ecall  that  the  objective  for  the  Booth  3  design  was  to  achieve  an  OSHA  Factor  of 
0.5  in  the  recirculation  duct;  however,  the  OSHA  Factors  obtained  from  the  Booth  3 
recirculation  duct  measurements  are  somewhat  lower. 


•  It  is  important  to  note  that  the  OSHA  PELs  employed  to  derive  the  recirculation  duct 

twa1  UtT  Strfm  °SHA  FaCt0rs  reP°rted  in  Tables  12  through  14  are  8  hour 
^us,  the  results  are  conservative  since  the  OSHA  Factor  results  assumes 
that  the  pamt  booth  operators  apply  paint  in  the  booths  for  8  hours  per  day  which  is 
not  the  case.  The  typical  painting  intervals  (the  hours  per  day  that  paint  is  actually 
sprayed)  do  not  exceed  4-5  hours  per  day.  Therefore,  actual  recirculation  duct  and 

n  throu^lT  0SHA  FaCt°rS  are  at  IeaSt  25%  l0Wer  than  thOSe  rep0rted  in  TabIes 

The  recirculation  duct  and  dilution  stream  OSHA  Factors  reported  in  Tables  12  through 
14,  coupled  with  the  safety  margins  implicit  in  their  derivation,  clearly  indicate  that  the  MCLB 

o1“e^29S"'9m  1ST  W"  Withi"  health  a"d  ■**  "miK  n,andated 


6.2 


EXHAUST  FACE  CONSTITUENT  CONCENTRATION  PROFILE  RESULTS 


The  partition  heights  and  recirculation  rates  were  determined  for  each  booth  using 
consemtrve  assumptions  regarding  hazardous  constituent  concentrations  in  the  recirculation 
stream.  The  initial  design  criteria  specified  that  the  recirculated  concentrations  conform  with 
the  Equation  2  summation  rule  upstream  of  where  the  recirculation  concentrations  are  diluted  by 
tresh  make-up  air.  The  resulting  ventilation  systems  that  were  installed  create  working 
conditions  that  conform  with  OSHA  health  and  safety  limits  by  a  wide  margin.  If,  in  the  future 

m  e,eCt  t0  ^-evaluate  this  particular  design  criteron,  and  perhaps  alter  one  or 

more  of  the  booths  to  increase  the  recirculation  rate,  it  will  be  necessaiy  to  recalculate  the 
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to  the  solid  and  vapor  phase  compound  concentration  profiles  for  each  exhaust  face.  Thus,  these 
data  will  be  required  in  the  event  that  MCLB  subsequently  modifies  the  booth  recirculation 
systems  in  any  way. 

In  an  effort  to  provide  supplemental  information  to  MCLB  and  thereby  facilitate  future 
system  modification  activities,  a  key  effort  under  the  Phase  III  Demonstration  Study  was  to 
profile  the  solid  and  vapor  phase  constituent  concentrations  across  the  exhaust  face  of  each 
booth.  These  profile  measurements  provide  relative  concentration  data  for  metal  and  organic 
vapor  compounds  at  various  heights  across  the  exhaust  filter  for  each  booth.  The  test  parameters 
were  developed  based  on  the  assumption  that  metal  and  organic  concentration  measurements 
would  provide  representative  solid  and  vapor  phase  profiles,  respectively. 

Results  of  the  aggregate  metal  concentration  measurements  as  a  function  of  height  for 
Booths  1, 2  and  3  are  indicated  in  Tables  16  through  18,  respectively,  and  the  total  organic 
concentration  results  are  summarized  in  Tables  19  through  21,  respectively.  The  metal  and 
organic  data  are  also  presented  graphically  Figures  12  through  14.  The  graphs  defines  the  basis 
for  determining  the  percentage  of  pollutant  that  must  be  removed  in  the  partition  stream  and  the 
corresponding  partition  height.  These  data  can  therefore  be  directly  applied  as  inputs  to  Equation 
7  to  develop  alternative  partition  height  scenarios.  Note  that  Tables  16  through  21  provide 
summaiy  information  only;  detailed  information  relating  to  the  actual  constituent  concentrations 
measured  at  each  location  are  provided  in  Appendix  D. 

6.3  HAZARDOUS  CONSTITUENT  CONCENTRATIONS  IN  THE  VICINITY  OF 

THE  PAINT  BOOTH  OPERATOR 

6.3.1  Measurement  Objective  and  Results 

In  typical  paint  spray  operations,  the  pattern  created  by  the  spray  nozzle  coupled  with  the 
target  configuration  and  the  booth  air  flow  dynamics  tend  to  combine  in  such  a  way  that  the 
painter  frequently  operates  in  a  "cloud"  of  overspray  particulate  and  solvent  vapor.8  As  such,  the 
hazardous  constituent  concentrations  generated  by  non-recirculating  booths  in  the  immediate 
vicinity  of  the  painter  often  exceed  the  OSHA  Factor  level  defined  by  Equation  1  in  Section  2. 

To  ensure  that  the  impact  of  recirculation  on  the  constituent  concentrations  in  the  painter  vicinity 
is  negligible  (i.e.,  recirculation  does  not  contribute  to  this  "cloud  effect"),  the  paint  booth 
partition  heights  were  selected  to  maintain  the  quality  of  respirable  air  well  below  the  safety 
limits  established  by  OSHA.  As  indicated  in  the  results  summarized  in  Section  6.2,  the  partition 
heights  and  recirculation  rates  successfully  maintain  the  concentrations  in  the  intake  air  well 
below  these  limits. 


To  conclusively  demonstrate  the  negligible  impact  of  recirculation  on  the  working 
environment  in  the  paint  booth,  samples  were  collected  in  each  booth  in  the  vicinity  of  the  paint 
booth  operators.  Two  sets  of  measurements  were  collected  for  each  booth  in  separate  test  series. 
In  the  first  series,  samples  were  collected  in  the  vicinity  of  the  painter  while  the  booth  operated  in 
single-pass  mode  (without  recirculation)  to  establish  booth  operating  conditions  created  by  the 
cloud  effect  in  the  vicinity  of  the  painter  in  the  absence  of  recirculation.  For  the  second  test 
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Tde  <wi,houlrfcircu,a,ion) ,0  establish  b°o<h  operating  conditions  created  by  the 
ud  effect  in  the  vicinity  of  the  painter  in  the  absence  of  recirculation.  For  the  second  test 
senes  performed  after  booth  modifications  were  completed,  constituent  concentration 

a8ai"  C“  in  11,6  ViCini,y  0f  11,6  painter  while  the  booth  was  operated  in 

For  each  test  series,  three  sets  of  samples  were  collected  for  each  class  of  compound 
measured.  It  was  not  possible  to  collect  all  the  samples  required  for  each  booth  in  a  simile 
sampling  run,  thus  for  each  booth,  the  three  data  sets  were  collected  over  six  painting  »cles  To 
^ovitte  a  means  of  effectively  correlating  these  results,  tire  amount  of  coat, ngPused  during  eacj 
sampling  event  was  also  measured;  these  data  are  summarized  in  Table  1 5.  S 

1  9  ^  Paint£r  ViCi?ityieu1reSUltS  °btained  from  Ae  ^ngle-pass  operating  mode  for  Booths 
1, 2,  and  3  are  presented  in  Tables  22, 23,  and  24,  respectively.  Similar  data  obtained  from  the 

circulating  operating  mode  for  Booths  1, 2,  and  3  are  presented  in  Tables  25  26  and  27 
respectively.  Each  table  summarizes  the  painter  vicinity  concentrations  measured  during  the 
single-pass  mode  and  recirculation  mode  tests,  and  the  corresponding  painter  vicinity  oIha 

n“  Wasdenv.ed  from  E£luatlon  1-  Note  that  the  OSHA  Factor  derived  in  this  way  does 
t  m  any  way  reflect  the  painter's  actual  exposure  during  the  sampling  event. 

th  ■  ThS  ^  mpUt  t0  thC  summation  equation  were  collected  outside  the  respirator  hood  in 

molded  hvm  e  Pamte,r’S  brea,hi"8  Wne- and  therefore  d0  include  the  protetion  factor 
P ■  ^  protection  equipment  worn  by  the  operator  during  painting  To 

v  SoSHA /"ared  to ,he  »  lvalue  determined  for  the  palmer 

with  aSH  ^i  r  "m  dlV'^ed  ^  *he  respirator  Protection  factor  assigned  in  accordance 
fitudehnes.  Note  that,  because  the  painters  operating  in  Booth  1  often  wear 

cartndge-type  respirators  (which  are  assigned  a  protection  factor  of  10)  rather  than  hooded  air 
wZSa  ^  aSSIgnCd  3  Pr0teC,i°n  faCt0r  of25)- both  °f  these  factors  are  reflected 

2  pain,er  vicini,y  chr°mium  concentration  results  from  the 
S,.udy  (provided  m  Section  4)  to  the  painter  vicinity  chromium  results  obtained  from 

mf  Jfi?ar  8y  r"St,rat'°J"  StUdy-  “  bccomes  immediately  apparent  that  the  Booth  2 

4  th,  ‘  significantly  reduced  painter  vicinity  metal  concentrations.  As  indicated  in  Table 

from  0  O^mZ'Cl  or115;  C^0nln  concentra,ion  Prior  ‘o ttK  Booth  2  modifications  ranges 
Tw4n  i  ^  '  °'  06  mg/m  • w,th  “  average  of 0.095  mg/m3.  Similar  results  from  the 
Technology  Demonstration  Study  indicate  that  the  Booth  2  painter  vicinity  total  chrome 
concentration  ranges  from  0.002  mg/m3  to  0.022  mg/m3,  and  averages  0.0073  mg/m3. 

This  data  conclusively  demonstrates  that  the  Booth  2  modifications  significantly 

5“  'he,  VeM,lf™  ays*r  Performance,  and  greatly  improved  the  working  conditions  in 
e  booth  in  terms  of  the  health  and  safety  requirements  mandated  by  OSHA  These 

enhancements  are  doubtlessly  due  to  the  combined  effect  of  enclosing  Booth  2  and  using  the 
FDs  to  create  a  consistent  and  uniform  flow  profile  within  the  booth. 
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Metal  Mass  Profile 


Organic  Mass  Profile 


Figure  12.  Cumulative  Distribution  of  Metal  and  Organic  Constituents  at  Various  Heights 

cross  the  Exhaust  Face  for  Booth  1,  (to  ensure  conservative  results,  one  outlying 
data  point  was  omitted  from  the  average  results  obtained  to  derive  the  metals  graph). 
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Metal  Mass  Profile 


Organic  Mass  Profile 


Figure  13.  Cumulative  Distribution  of  Metal  and  Organic  Constituents  at  Various  Heights 
Across  the  Exhaust  Face  for  Booth  2. 
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Figure  14.  Cumulative  Distribution  of  Metal  and  Orgar 
Across  the  Exhaust  Face  for  Booth  3. 
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Constituents  at  Various  Heights 


Table  22.  Booth  1  Painter  Vicinity  Measurements  in  Single-Pass  Mode. 
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Table  23.  Booth  2  Painter  Vicinity  Measurements  in  Single-Pass  Mode. 
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Table  24.  Booth  3  Painter  Vicinity  Measurements  in  Single-Pass  Mode. 


Constituent  Concentrations 

(mg/m3) 

Hexavalent  chromium 
Phosphoric  acid 
Hexamethylene  diisocyanate 
Methyl  ethyl  ketone 
Ethyl  acetate 
n-Butanol 

Methyl  isobutyl  ketone 
Toluene 
Butyl  acetate 
Methyl  isoamyl  ketone 
Ethyl  benzene 
Total  xylenes 
Trimethyl  benzene 
Hexyl  acetate 


0.014 

0.014 

0.001 

20 

0.13 

3.4 

5.2 

7.5 

4.1 
0.13 

2.3 
12 
1.7 

2.4 


0.0039 

0.015 

0.001 

65 

0.20 

4.6 

7.2 

9.9 

5.4 
0.14 

3.2 
16. 

1.5 

2.9 


0.010 

0.015 

0.001 

59 

0.58 

4.1 

4.8 

5.8 

2.4 
0.14 

2.1 
11 

1.4 

1.3 


0.009 

0.015 

0.001 

48 

0.30 

4.0 

5.7 

7.7 
4.0 
0.14 

2.5 
13 

1.5 
2.2 


Note: 


This  table  assumes  that  hexavalent  chrome 
measured  in  the  vicinity  of  the  painter. 


comprises  one-half  of  the  chrome 
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Table  25.  Booth  1  Painter  Vicinity  Measurements  in  Recirculation  Mode. 


1 
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Table  26.  Booth  2  Painter  Vicinity  Measurements  in  Recirculation  Mode. 


j  Average  j 

Painter 

0.0057 

0.014 

0.0039 

26 

0.34 

3.1 

16 

23 

22 

0.14 

6.1 

34 

4.2 

5.9 

vd 

0.24 

Painter 

VD  ^  _ 

o  P  P  ''t  q  m*  ^  q  — ’  06  n  m’ 

O  O  o  w 

1.9 

0.076 

|  Test  3 

Painter 

0.0014 

0.014 

0.0046 

29 

0.16 

3.2 

20 

26 

45 

0.13 

5.2 

33 

4.4 

6.2 

OC 

o 

o 

U* 

3 

.5 

Oh 

0.0012 
0.014 
0.001 1 

4.1 

0.21 

6.7 

2.8 

3.7 

8.0 

0.13 

0.97 

6.8 

2.2 

1.9 

0900 

P"  Test  2 

Painter 

0.01 1 
0.015 
0.0061 

13 

0.14 

2.2 

8.3 

11 

5.1 

0.14 

3.6 

18 

2.0 

2.5 

- 

0.44 

Painter 

0.0024 
0.014 
0.001 1 

4.1 

0.13 

7.9 

3.2 

6.3 

2.5 

0.13 

1.8 

9.9 

2.9 

2.1 

2.6 

oro 

1  Painter 

0.0048 

0.012 

0.0011 

36 

0.73 

3.8 

21 

32 

16 

0.14 

9.4 

52 

6.1 

9.0 

5.2 

0.21 

£ 

1  Painter 

0.0012 

0.012 

0.0010 

6.6 

0.11 

7.6 

2.7 

4.5 

2.5 

0.11 

1.5 

8.1 

2.6 

2.5 

0.056 

Constituent  Concentrations 

(mg/m1) 

Hexavalcnl  chromium 

Phosphoric  acid 

Hexamethylene  diisocyanate 

Methyl  ethyl  ketone 

Ethyl  acetate 
n-ButanoI 

Methyl  isobutyl  ketone 

Toluene 

Butyl  acetate 

Methyl  isoamyl  ketone 

Ethyl  benzene 

Total  xylenes 

Trimethyl  benzene 

Hexyl  acetate 

OSHA  Factor  outside  respirator 

u 

«  <N 

kj  U-. 

<  2 

B  S 

co  a 
O  £ 
w  c 
o 

w  *  •— 

=  ts 

55  3 

a  o 

E 

3  TJ 
ee  <u 

u 
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C5  £ 
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Table  27.  Booth  3  Painter  Vicinity  Measurements  in  Recirculation  Mode. 


Test  1 
Painter 

Test  2 
Painter 

Test  3 
Painter 

Average 

Painter 

Constituent  Concentrations 

(mg/m3) 

0.014 

0.0019 

0.0021 

0.0060 

Hexavalent  chromium 

0.013 

0.013 

0.012 

0.013 

Phosphoric  acid 

0.00085 

0.00085 

0.00085 

0.00085 

Hexamethylene  diisocyanate 

ND1 

41 

110 

76 

Methyl  ethyl  ketone 

ND 

0.16 

0.31 

0.24 

Ethyl  acetate 

ND 

3.9 

5.8 

4.9 

n-Butanol 

ND 

5.8 

4.3 

5.1 

Methyl  isobutyl  ketone 

ND 

11 

8.7 

9.9 

Toluene 

ND 

3.1 

2.6 

2.9 

Butyl  acetate 

ND 

0.13 

0.13 

0.13 

Methyl  isoamyl  ketone 

ND 

2.8 

2.0 

2.4 

Ethyl  benzene 

ND 

14 

10 

12 

Total  xylenes 

ND 

1.8 

1.4 

1.6 

Trimethyl  benzene 

Hexyl  acetate 

ND 

1.7 

1.0 

1.4 

Resulting  OSHA  Factor 

14 

2.1 

2.4 

6.1 

Calculated  Painter  OSHA  Factor 
(assigned  protection  factor  of  25) 

0.54 

0.084 

0.096 

0.24 

'ND  =  No  data;  sample  lost  due  to  field  sampling  error.  The  OSHA  Factor  reported 
here  was  derived  only  from  the  non-organic  painter  vicinity  sampling  data.  It  is 
believed  that  the  organic  concentration  in  the  vicinity  of  the  painter  in  Booth  2  is  small, 
thus  lack  of  organic  data  for  this  result  should  not  impact  the  results  repored  herein. 

Note:  This  table  assumes  that  hexavalent  chrome  comprises  one-half  of  the  chrome 
measured  in  the  vicinity  of  die  painter. 


76 


6.3.2  Implications  of  Painter  Vicinity  Sampling  Results. 

From  the  results  reported  in  Tables  22  through  27,  it  is  immediately  apparent  that 
recirculation  does  not  have  a  discemable  impact  on  the  painter  vicinity  concentrations.  This 
premise  was  confirmed  via  statistical  analysis  to  determine  the  data  precision  for  each  test  event. 
The  precision  (or  variability)  of  the  measurement  provides  a  means  of  discerning  and 
quantifying  recirculation  impacts. 

The  results  of  this  precision  analysis  are  summarized  in  Table  28;  note  that  the  term 
"variability  range"  is  defined  as  the  interval  occurring  within  one  standard  deviation  of  the 
average  value.  For  Booths  1  and  3,  the  OSHA  Factor  variability  range  under  single  pass  (non- 
recirculating)  conditions  is  virtually  the  same  as  the  OSHA  Factor  range  occurring  under 
recirculating  conditions. 

The  Booth  2  results  under  the  recirculation  condition  indicate  slightly  increased  average 
and  range  values,  however  this  can  be  traced  to  the  OSHA  Factor  value  of  1 1  measured  in  the 
vicinity  of  Painter  2  during  Test  2.  This  value  is  significantly  higher  than  any  other 
measurements  collected  in  Booth  2.  No  additional  data  exist  to  explain  this  measurement  such 
as  observation,  however,  if  we  consider  this  individual  result  to  be  a  data  outlier,  the  Booth  2 
OSHA  Factor  under  recirculating  conditions  is  much  lower  than  under  single-pass  operation.  It 
is  possible  that  the  painter  inadvertently  applied  paint  obliquely  to  the  sample  cassette  used  to 
derive  this  particular  result. 

Because  the  differences  measured  for  the  single-pass  and  recirculation  conditions  fall 
within  the  measurement  variability  range,  it  is  reasonable  to  conclude  that  recirculation  has  little 
or  no  measurable  impact  on  the  constituent  concentrations  in  the  vicinity  of  the  painter.  The 
data  further  indicates  that  the  "cloud  effect"  is  the  principal  contributor  to  the  painter  exposure 
level.  This  confirms  similar  findings  reported  previously  at  other  painting  facilities. 19 


Several  operational  issues  immediately  become  apparent  in  reviewing  the  results 
presented  in  Tables  22  through  27.  First,  it  appears  that  organic  and  inorganic  constituent 
concentrations  in  the  vicinity  of  the  Booth  1  painters  under  recirculating  and  non-recirculating 
conditions  are  much  higher  than  the  concentrations  found  in  the  vicinity  of  the  painters  in 
Booths  2  and  3.  This  difference  stems  from  the  fact  that  Booth  1  is  a  vehicle  booth  in  which  the 
painters  move  around  large  equipment  (armored  personnel  vehicles  [APVs],  Humvees,  etc.)  and 
workpieces  that  are  painted.  Under  these  conditions,  the  painters  frequently  paint  either  against 
or  across  the  ventilation  airflow,  thus  overspray  particulate  and  solvent  vapors  often  surround 
them  in  a  heavy  cloud.  Furthermore,  the  painters  in  Booth  1  often  paint  in  the  confined  space 
underneath  the  vehicles,  or  are  located  downwind  of  painted  vehicle  sections  from  which 
organic  vapors  are  released  as  the  coating  dries  (e.g.  flash-off).  It  is  likely  that  these  factors 
contribute  heavily  to  the  organic  concentrations  in  the  vicinity  of  the  painter,  and  therefore 
contribute  to  the  OSHA  Factor  results  reported  in  Tables  22  and  25.  Conversely,  the  painters  m 
Booths  2  and  3  tend  to  remain  upwind  of  the  target  workpiece,  and  therefore  do  not  become  so 
surrounded  by  the  overspray  cloud  or  paint  drying  fumes. 
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Table  28.  Precision  Analysis  of  Painter  Vicinity  OSHA  Factor  Measurements. 


Condition 

Test 

Booth  1 

Painter  1  Painter  2 

Booth  2 

Painter  1  Painter  2 

Booth  3 

Painter 

Single-Pass 

Mode 

Test  1 

3.3 

1.7 

3.6 

4.5 

13 

Test  2 

1.7 

1.71 

5.8 

5.0 

4.2 

Test  3 

3.8 

2.0 

1.3 

2.2 

10 

Average  (painter  1&2) 

2.4 

3.7 

9.1 

Standard  Deviation 

0.86 

1.6 

3.7 

Variability  Range2 

1.5 -3.2 

2.2  -  5.3 

5.4-12.7 

Recirculation 

Mode 

Test  1 

1.3 

mm 

1.4 

5.2 

133 

Test  2 

1.9 

2.8 

2.6 

11 

2.1 

Test  3 

3.9 

3.3 

1.5 

1.8 

2.4 

Average  (painter  1&2) 

2.6 

3.9 

5.8 

Standard  Deviation 

0.86 

3.4 

5.1 

Variability  Range2 

1.7 -3.5 

0.5  -  7.3 

0.76-10.9 

Booth  2  Average  Without  Outlier 

2.5 

Booth  2  Standard  Deviation  Without 
Outlier 

1.4 

Booth  2  Variability  Range 
Without  Outlier 

1.1  -3.9 

The  OSHA  Factor  was  derived  from  organics  data  collected  for  the  other  painter  -  See  Table  22 
n  ”  ** the  mterval  ** is  within  one  standard  deviation  of  the  average  value 

the  OSHA  Factor  reported  here  was  derived  only  from  the  non-organic  painter  vicinity  sampling 
data  It  is  believed  that  the  organic  concentration  in  die  vicinity  of  the  painter  in  Booth  2  is  small 
thus  lack  of  organic  data  for  this  result  should  not  impact  die  results  reported  herein  -  See  Table  27. 


It  is  not  intuitively  obvious  why  the  Booth  1  OSHA  Factor  is  generally  lower  than  the 
OSHA  Factors  determined  for  Booths  2  and  3,  especially  because  the  painter  vicinity 
concentrations  are  much  higher.  As  indicated  in  Equation  1,  the  OSHA  Factor  is  derived  from 
two  parameters;  the  concentration  of  a  particular  constituent  as  well  as  the  specific  PEL  for  that 
constituent.  The  OSHA  Factor  results  reported  for  Booths  2  and  3  are  somewhat  higher  than  the 
results  reported  for  Booth  1,  which  indicates  the  presence  of  one  or  more  compounds  having 
relatively  low  PELs  which  are  in  the  coatings  used  in  Booths  2  and  3  ,  and  not  present  in  Booth 
.  As  indicated  in  Section  3,  Booth  1  is  used  for  topcoat  applications  only,  thus  only  the 
trivalent  form  of  chromium  is  present  in  Booth  1.  However,  a  wash  primer  material  containing 
hexavalent  chromium  is  applied  in  Booths  2  and  3,  and  the  PEL  for  hexavalent  chrome  is  much 
lower  than  the  PEL  for  any  other  compound  present,  thus  it  has  a  major  impact  on  the  OSHA 
Factors  indicated  for  Booths  2  and  3. 
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It  is  easily  surmised  from  these  results  that  the  impact  of  recirculation  on  the  quality  of 
the  ventilation  air  surrounding  the  paint  booth  operators  is  relatively  imperceptible.  The  fact 
that  the  total  coating  usage  rates  (Table  15)  for  each  booth  during  the  recirculation  tests  are 
consistently  higher  than  the  usage  rates  recorded  during  the  single-pass  tests  further  substantiates 
this  conclusion.  Finally  it  should  be  noted  that  the  OSHA  PELs  employed  to  derive  the  painter 
vicinity  OSHA  Factors  reported  in  Tables  22  through  27  are  8  hour  TWAs,  thus  the  OSHA 
Factor  results  assume  that  the  paint  booth  operators  apply  paint  in  the  booths  for  8  hours  per  day. 
Of  course,  typical  painting  intervals  (the  hours  per  day  that  paint  is  actually  sprayed)  do  not 
exceed  4-5  hours  a  day  (if  that  much).  Therefore,  actual  painter  vicinity  OSHA  Factors  are  at 
least  25%  lower  than  those  reported  in  Tables  22  through  27. 

6.4  COMPARISON  OF  FTIR  RESULTS  TO  NIOSH  1300  SPECIATED  ORGANIC 

DATA  AND  FID  RESULTS 

The  results  of  the  NIOSH  1300  speciated  organic  concentration  measurements  and  the 
EPA  Method  25A  data  collected  in  the  recirculation  ducts  during  the  Technology  Demonstration 
Study  were  compared  against  preliminary  FTIR  data  to  enhance  the  FTIR  spectral  analysis 
software,  and  evaluate  the  results  of  the  FTIR  measurements. 10,14  The  results  of  this  comparison 
for  Booths  1, 2,  and  3  are  indicated  in  Tables  29, 30,  and  31,  respectively.  The  following 
procedures  were  employed  to  perform  this  analysis: 


1 )  For  each  test,  the  NIOSH  1300  speciated  data  collected  in  each  of  the  two 
recirculation  ducts  were  reconciled  with  the  volumetric  flow  rates  measured  in  these 
ducts  and  then  averaged  to  derive  a  single,  representative  recirculation  stream 
concentration  value  for  each  constituent. 

2)  For  each  test,  the  instantaneous  FID  results  measured  (via  EPA  Method  25A)  in  each 
recirculation  duct  were  averaged  to  derive  a  single  concentration  value  that 
represents  the  organic  carbon  concentration  measured  in  each  exhaust  duct.  The 
calculated  concentration  value  was  then  reconciled  to  obtain  a  single,  representative 
recirculation  duct  organic  concentration  value  for  each  test. 

3)  During  each  test,  a  continuous  sample  gas  stream  was  extracted  from  each 
recirculation  duct;  these  sample  streams  were  combined  and  then  passed  through  the 
FTIR  sample  cell.  The  FTIR  operated  continuously  throughout  each  test,  thus  the 
results  obtained  for  each  constituent  were  averaged  over  the  sampling  period  to 
obtain  a  single,  representative  recirculation  stream  concentration  value  from  the 
FTIR  results. 

4)  The  results  of  Steps  1  through  3  were  compared  to  assess  the  overall  performance  of 
the  FTIR  system. 
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Table  29.  FTIR  -  NIOSH  1300  Comparison  Summary  for  Booth  1  Recirculation  Duct  Samples. 


Organics  3  (mg/m3) 

Organics  4  (mg/m3) 

Organics  6  (mg/m3) 

Compound 

FTIR 

NIOSH 

FTIR 

NIOSH 

FTIR 

NIOSH 

Butyl  +  Hexyl  acetates 

57 

26 

78 

21 

66 

14 

MEK 

16 

19 

17 

16 

9 

6 

MIAK  +  MIBK 

95 

39 

135 

42 

132 

24 

Ethyl  benzene 

40 

20 

67 

17 

53 

14 

Xylenes 

115 

105 

173 

87 

186 

71 

Toluene 

50 

44 

72 

36 

74 

28 

Total  Carbon 

613 

427 

902 

368 

872 

271 

Total  Carbon  from 

FID  measurement 

399 

434 

438 

The  FTIR  spectral  analysis  software  installed  on  the  MCLB  paint  booths  was  developed 
specifically  for  this  application.  It  is  evident  from  the  data  presented  in  Tables  29  through  31 
that,  in  instances  where  there  is  disagreement  between  the  FTIR  results  and  the  NIOSH  1300 
results,  the  FTIR  consistently  yields  higher  concentrations.  This  in  fact  increases  the  safety 
factor  inherent  in  the  monitoring  system,  because  the  FTIR  has  a  tendency  to  over  predict  the 
constituent  concentrations.  Thus,  if  the  FTIR  system  detects  concentrations  in  the  recirculation 
duct  that  exceed  the  established  setpoint,  it  is  likely  that  the  actual  concentrations  in  the 
recirculation  duct  are  somewhat  lower. 

In  actuality,  it  is  anticipated  that  the  concentrations  measured  by  the  FTIR  systems  that 
were  installed  at  MCLB  actually  provide  more  realistic  and  representative  data  than  it  appears  in 
Tables  29  through  3 1 .  This  conclusion  is  drawn  from  a  number  of  factors,  including: 

•  The  FTIR  spectral  data  collected  during  the  Technology  Demonstration  Study  were 
taken  at  a  one-half  wave  number  (0.5  cm*1)  resolution.  However,  to  reduce 
processing  time  and  increase  the  signal  to  noise  ratio,  the  FTIR  systems  installed  on 
the  MCLB  paint  booths  are  set  at  one  wavenumber  (1  cm*1)  resolution,  and  0.5  cm'1 
analysis  software  was  developed  accordingly.  In  analyzing  the  0.5  cm*1  spectral 
results  reported  in  Tables  29  through  31,  the  data  were  first  deresolved  prior  to 
analysis  with  the  1  cm'1  resolution  software.  This  reduces  the  spectral  match  in  the 
analysis  module,  and  therefore  had  an  impact  on  the  results  presented  in  Tables  29 
through  31. 
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-  NIOSH  1300  Comparison  Summary  for  Booth  3  Recirculation  Duct  Samples. 
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•  In  the  FTIR  sampling  portion  of  the  Technology  Demonstration  Study,  the  air  sample 
collected  during  background  spectra  sample  runs  were  probably  not  given  the  level  of 
conditioning  and  handling  that  is  required  to  obtain  precise  results.  This  is  because 
the  FTIR  sampling  system  was  not  set  up  in  the  final  configuration,  thus  “field  test” 
conditions  occurred.  Proper  conditioning  of  background  sample  air  is  important 
because  moisture  and  residual  organics  will  impact  the  analytical  results.  An 
improved  background  system  was  developed  for  the  FTIRs  installed  at  MCLB. 

The  FTIR  systems  installed  at  MCLB  were  programed  to  perform  the  OSHA  Summation 
Rule  calculation  (Equation  1  in  Section  2)  on  a  continuous  basis  for  each  set  of  speciated 
organic  data  that  are  collected.  The  TWA  values  programmed  into  the  FTIR  software  to  perform 
this  calculation  are  summarized  in  Table  32.  Most  of  the  TWA  values  are  OSHA  8-hour  PELs. 
However,  because  the  FTIR  sample  stream  is  extracted  upstream  of  where  the  fresh  make-up  air 
is  brought  into  each  booth,  and  because  the  FTIR  operates  on  a  continuous  basis  (and  therefore 
provides  virtually  instantaneous  notification  of  excessive  recirculation  duct  concentrations),  it 
was  considered  reasonable  to  program  the  FTIR  with  ACGIH  15  minute  STEL  values  for  select 
compounds  such  as  MEK.  As  indicated  from  an  inspection  of  Tables  29  through  31,  all  of  the 
organic  concentration  results  are  well  below  the  established  OSHA  levels. 


Table  32.  TWA  Levels  Programmed  into  the  FTIR  OSHA  Additive  Rule  Calculation. 


Compound 

TWA  Setpoint 

TWA  Source 

ppm 

mg/m3 

Ethyl  benzene 

100 

435 

OSHA  PEL 

IPA 

400 

980 

OSHA  PEL 

MEK  (2-butanone) 

300 

590 

ACGIH  STEL 

MIAK  (5  methyl-2-hexanone) 

100 

475 

OSHA  PEL 

MIBK  (hexone) 

100 

410 

OSHA  PEL 

PGMEA 

100 

Note  1 

Toluene 

200 

766 

OSHA  PEL 

Butyl  acetate 

150 

710 

OSHA  PEL 

Hexyl  acetate 

50 

300 

OSHA  PEL 

Xylenes 

100 

435 

OSHA  PEL 

n-Butanol 

100 

300 

OSHA  PEL 

No  value  specified  by  OSHA,  ACGIH,  or  NIOSH.  Thus,  the  100  ppm  OSHA  PEL 
for  ethylene  glycol  monoethyl  ether  acetate  (EGEEA)  and  propylene  glycol 
monomethyl  ether  (PGME)  was  substituted. 
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Since  completing  the  Technology  Demonstration  Study  in  December,  1995,  the  FTIR 
systems  installed  at  MCLB  have  found  multiple  applications  as  ventilation  system  evaluation 
and  diagnostic  tools,  in  addition  to  the  safety  monitoring  application  originally  envisioned.  As  a 
result  of  these  system  diagnostic/evaluation  efforts,  several  interesting  operating  characteristics 
were  identified,as  follows: 


•  The  use  of  new  coatings  was  detected  through  these  FTIR  system  diagnostic 
exercises.  These  coatings  were  identified  because  the  FTIR  provides  speciated 
concentration  data,  thus  anomalies  with  respect  to  solvent  mixtures  or  unanticipated 
results  are  noted  from  the  FTIR  data.  The  potential  impact  of  these  coating 
reformulations  is  being  assessed. 

•  Significant  variability  in  the  technical  skill  and  paint  application  habits  of  individual 
paint  booth  operators  was  noted  when  the  Booth  2  FTIR  repeatedly  measured  high 
concentration  excursions  that  triggered  the  ventilation  system  to  convert  to  single 
pass  operation  under  seemingly  “typical”  painting  circumstances.  Upon  inspection,  it 
was  found  that  the  FTIR  system  correctly  responded  to  excursions  created  by 
ineffective  painter  habits.  It  was  further  noted  that  the  individual  operating  in  Booth 
2  when  these  excursions  occurred  tended  to  use  significantly  more  coating  material 
and  solvents  than  most  painters  that  typically  operate  in  Booth  2.  As  a  result  of  these 
observations,  Barstow  MCLB  is  contemplating  the  need  for  increased  painter  training 
with  respect  to  coating  application  and  housekeeping  procedures.  The  need  for 
painter  training  does  not  in  any  way  reflect  on  the  inherently  safe  recirculation 
system;  rather  the  training  will  serve  to  avoid  nuisance  interruptions  that  are  the 
result  of  easily  preventable  events  generated  by  inefficient  painter  habits. 

•  To  minimize  migration  of  hazardous  constituents  from  the  high  concentration  zones 
of  the  booth  into  the  recirculation  stream,  it  is  necessary  to  adequately  seal  the  filter 
elements  located  at  the  partition  level. 
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SECTION  7 


ECONOMIC  BENEFITS  OF  RECIRCULATION  AND  OTHER 
FLOW  REDUCTION  STRATEGIES 


As  indicated  in  Section  2,  the  cost  to  install  and  operate  a  typical  VOC  emission  control 
system  is  directly  related  to  the  volume  flow  rate  processed  by  the  device,  thus  reducing  the 
process  exhaust  flow  rate  will  also  reduce  system  costs.  Moreover,  VOC  emission  control 
systems  typically  achieve  a  destruction  efficiency  of  95%  or  better,  irrespective  of  the  volume 
flow  rate  that  is  processed.  The  key  advantage  of  recirculation  and  the  other  ventilation  system 
enhancements  installed  on  the  MCLB  paint  booths  is  in  achieving  the  flow  reduction  necessary 
to  decrease  APCS  installation/operating  costs  without  sacrificing  system  performance  in  terms 
of  destruction  efficiency  and  pollution  prevention.  However,  it  is  recognized  that  the  economic 
advantages  inherent  in  these  flow  reduction  strategies  are  realized  only  if  the  ventilation  system 
design  and  installation  costs  are  significantly  offset  by  reductions  in  the  installation  and 
operating  costs  associated  with  the  VOC  emission  control  system.  This  section  summarizes  the 
results  of  a  detailed  economic  analysis  which  demonstrates  the  economic  benefits  of 
recirculation  and  the  other  flow  reduction  strategies  implemented  at  the  Barstow  MCLB  facility. 
The  three  key  parameters  considered  for  this  economic  analysis  are  as  follows: 

•  System  exhaust  flow  rates  . 

•  VOC  emission  control  system  configurations. 

•  Paint  booth  retrofit  and  VOC  emission  control  system  installation  and  operating 
costs. 

7.1  EXHAUST  FLOW  RATES 

The  process  exhaust  flow  rate  is  a  key  parameter  because  it  provides  the  basis  for 
establishing  the  cost  savings  accrued  from  recirculation  and  the  other  ventilation  system 
modifications  discussed  in  Section  5.  For  this  analysis,  three  different  flow  rates  are  considered: 

Initial  Configuration  of  Booths  -  The  cost  of  controlling  VOC  emissions  from  the  booths 
in  their  initial  single  pass  configuration  provides  the  baseline  for  this  analysis.  As 
indicated  in  Section  3,  the  initial  exhaust  flow  rate  was  4,064  m3/min  (143,500  cfin). 

Final  Configuration  of  Booths  -  The  final  exhaust  flow  rate  achieved  after  booth 
modifications  were  complete  is  1 , 1 76  m3/m  (4 1 ,450  cfin).  This  flow  reduction  is 
attributed  to  several  factors,  including  recirculation/flow  partitioning,  VFD  fans,  and 
interlocking  operations  such  that  Booth  1  may  be  operated  any  time,  and  Booths  2  and  3 
operate  sequentially.  The  1,176  m3/min  flow  rate  (41,450  cfm)  is  the  combined  exhaust 
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from  Booth  1  (572  m3/min  [20,120  cfm]  and  Booth  2  (604  m3/min  [21,330  cfm]). 

Mial  Conflation  of  Booths  1  and  2  -  In  the  final  configuration,  the  maximum 
exhaust  flow  rate  occurs  when  Booths  1  and  2  are  operated  simultaneously.  It  is 
erefore  appropriate  to  perform  an  emission  control  cost  comparison  for  Booths  1  and  2 
m  their  original  configuration  (at  3,285  m3/min  [1 16,000  cfm])  and  in  their  final 
configuration  ( 1 , 1 74  m3/min  [4 1 ,450  cfm]). 

.  .  reSuItJ  ofth®  economic  analyses  summarized  in  tabular  form  below  were  develoDed 

based  on  these  exhaust  flow  rate  parameters.  ueveiopea 

7.2  VOC  EMISSION  CONTROL  SYSTEMS 

,o  ™  J?r  are  T  d,ff“en*  *ypeS  0f  V0C  emission  contro1  systems  that  may  be  employed 
tocontrol  emissions  from  militaty  paint  spray  booths.  The  fact  that  the  installation  and  ?  * 

operating  costs  of  these  systems  vary  significantly  must  also  be  taken  into  consideration  to 

velop  an  accurate  and  representative  economic  comparison.  Two  different  VOC  emission 

control  options  and' costs‘OClUded  ‘n  'h'  ' C°n°miC  '°  **  3  SpeCtrum  of  ™ble  emissio" 

Sfgggy  Thfma! 0xilJi?er  ^  This  systems  achieves  a  vety  high  thermal  efficiency 
(up  to  95  /.)  compared  to  standard  thermal  oxidizer  systems.  This  significantly  reduces  the  fuel 
demand  and  the  corresponding  operating  costs.  y 

Eator  Concentrator/Reguperative  Qxidizgr  (rofpr/recup);.  This  system  employs  a  two  step  flow 
eductton  process  m  whtch  an  adscption  rotor  (zeolyte,  carbon  fiber,  or  other  materia1)  co"rts 

mtor  anrf  fn  “*  Vap°r'  The  collec,ed  o^mcs  are  continuously  desorbed  from  the 

rotor  and  vented  to  a  recuperative  oxidizer.  The  rotor  concentrator  typically  achieves  a  10- 1 

oxidizer^°W  UCtl°n’  wh,ch  reduces  both  the  size  and  the  ^1  demand  of Ihe  recuperative 

73  PAINT  BOOTH  RETROFIT  AND  EMISSION  CONTROL  COST  PARAMETERS 

mWr,AlthOU?h  thCre  ^  many  equipment  vendors  that  manufacture  and  install  both  RTOs  and 
rotor/recup  systems,  it  was  not  necessaiy  or  feasible  to  solicit  cost  estimates  from  each 

manufacturer  and  develop  aggregate  cost  projections  for  the  three  flow  rate  scenarios  considered 
n  h1S  econo  e variation  (see  Section  7.1).  Moreover,  the  objective  of  this  economic  “ 
is  to  demonstrate  that  recirculation/flow  partitioning  and  the  other  ventilation  system 

ZtrnTrnT  T  u” *?• MCLB paint  ^  ^^tly  reduce  VOC  emission 

r^nnlw  u™  °bjeCtive’ *  is  necessary  only  to  present  control  cost  data  that 

reasonably  represent  the  spectrum  of  candidate  emission  control  options.  To  develop  the 

economic  analysis  results,  representative  system  installation  and  operating  cost  data  were 
obtained  from  the  following  sources:  6 
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QAOP$Contr°l  Cost  Manual-  The  Control  Cost  Manual  was  developed  by  EPA’s  Office  of  Air 
Quality  Planning  and  Standards  (OAQPS)  to  provide  facilities  that  face  air  pollution  control 
requirements  with  guidance  and  background  information  regarding  various  emission  control 
ptions.  Data  pertaining  to  RTO  system  installation  and  operating  costs  were  obtained  from 
this  manual  and  employed  m  the  cost  evaluation.  In  addition  to  RTO  system  costs,  the  OAQPS 
ontrol  Cost  Manual  was  also  used  to  estimate  costs  for  site  preparation  and  other  logistics  such 
as  foundation  construction,  utilities,  startup,  etc.  The  RTO  system  capital  cost  data  provided  in 
the  manual  are  m  1989  dollars,  thus  supplemental  data  pertaining  to  escalation  indexes  (also 
provided  by  OAQPS)  were  employed  to  convert  the  capital  cost  data  to  1995  dollars. 


Paint  Booth  Retrofit  Contractor  -  Paint  booth  system  retrofit  design,  installation,  and  operating 
cost  estimates  were  supplied  by  Acurex  Environmental  Corporation.  Acurex  Environmental  was 
the  pnme  contractor  responsible  for  planning  and  implementing  all  booth  retrofit  activities  and 
is  therefore  capable  of  providing  accurate  and  representative  estimates  for  system  retrofit  costs 


_QC  Emission  Control  Vendor  Cost  Quotes  -  Two  equipment  vendors  were  contacted  and 
provided  system  capital,  installation,  and  operating  cost  data  for  the  three  flow  rate  scenarios 
considered  m  this  evaluation.  One  provided  supplemental  data  pertaining  to  RTO  system 
economics,  and  the  second  provided  cost  data  pertaining  to  rotor/recup  systems.  ' 

7.4  COST  ANALYSIS  RESULTS 


An  Equivalent  Uniform  Annual  Cash  Flow  (EUAC)  analysis  was  performed  in 
accordance  with  cost  analysis  procedures  defined  in  Chapter  2  of  the  OAQPS  Control  Cost 
Manual.  The  analysis  assumes  a  twelve  year  life  for  the  control  systems  and  provides  an 
average  annualized  cost  for  the  system.  The  recirculation/patrition  modification  to  the  spray 
booths  were  shown  to  produce  an  immediate  cost  savings  benefit. 


The  installation  and  operating  EUAC  cost  analysis  results  for  the  three  VOC  emission 

C°!f^lSc?AmrS  considered  were  completed  for  three  flow  scenarioes.  41,450  cfm,  1 16  000  cfm 
and  143  500  cfm.  Tables  33, 34,  and  35,  respectively.  Supplemental  information  employed  to  ’ 
derive  these  cost  estimates  are  summarized  in  footnotes  to  each  table.  The  results  of  the  EUAC 
comparison  are  summarized  in  Table  36,  and  clearly  indicates  the  significant  economic  benefit 
o  installing  the  recirculation/partition  flow  system  and  making  the  other  system  adjustments 
described  in  Section  5. 


The  cost  comparison  evaluation  was  performed  in  accordance  with  the  EUAC  procedures 
and  assumes  a  12  year  equipment  life,  and  an  8%  interest  rate.  As  shown  in  the  summary  Table 
36  the  lower  system  capital  and  installation  costs  incurred  for  the  integrated  recirculation/VOC 
emission  control  system  result  in  immediate  cost  benefits.  For  example,  the  EUAC  analysis 
result  for  installing  and  operating  a  rotor/recup  system  to  control  emissions  from  Booths  1  and  2 
without  recirculation  (i.e.,  a  flow  rate  of  1 16,000  cfm,  and  paint  booth  retrofit  costs  of  $0)  is 
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$476,260  annualized  cost  over  the  twelve  year  life  of  the  wctem 

s 0^^,ore^«  “ 

capital/installation  costs  and  53%  burton  in  system  o^rat  'ng  coi  "  ‘n 
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Table  33.  Emission  Control  System  Installation/Operating  Costs  at  1,176  mVmin  Ml. 450  cfml. 

INITIAL  CAPITAL  AND  INSTALLATION  COSTS  -41,450  cfm.  Booths  1  A  2  operated  after  retrofit  {Booth  3  retrofit  costs  notindudsd) 


Purchased  APC  3  Equipment  Cost 

RTO -OAQPS  data  (2) 

RTO  Vender  data 

Rotor/Recup  Vender  data 

Control  equipment  capital  cost 

S3tQ,414  (1) 

5503.425  (5) 

S8C0.C00  (5) 

Auxiliary  equipment 

550.000  (3) 

550.000  (3) 

550.000  (3) 

Sa:e a  tax  (5%)  (1)  ‘  • 

543.021 

527.671 

542,500 

Freight 

334.417  (4%)  (1) 

534,417  (OAQPS  Value) 

334.C0Q  (5) 

Total  APCS  purchase  equipment  coa 

i  5337,252 

5815,513 

5925.500 

Direct  APCS  Installation  Costs 

Foundation  4  Supports  (4%)  (i) 

537.514  (4%)  (1) 

537.514  (OAQPS  Value) 

541.400  (5) 

Handling  4  Erecaon  (5%)  (1) 

346,393  (5%)  (1) 

526.500  (5) 

551.800  (5) 

Btcaical  4  Piping  (5%)  (1) 

546.393  (5%)  (1) 

546.893  (OAQPS  Value) 

55 1.800  (5) 

lnsutaticn  (.05%)  (1) 

54.689  (0.05%)  (1) 

54.689  (OAQPS  Value) 

55200  (5) 

Total  Oirect  APCS  Installation  Cost 

5125.989 

5115,596 

5150.200 

Indirect  APCS  Installation  Costs 
Engineering 

537.514  (4%)  (1) 

.513.473  (5) 

5225.000  (5) 

Ccnstnjction/fit.'id  expenses 

518,757  (2%)  (1) 

(induded) 

(induded) 

Contractor;  feta 

546.893  (5%)  (1) 

(induded) 

(induded) 

S  tan-up 

513.757  (2%)  (1) 

515.757  (OAQPS  Value) 

520.700  (5) 

Performance  test 

59.379  (1%)  (1) 

59,379  (OAQPS  Value) 

510.400  (5) 

Contingencies 

528.136  (3%)  (1) 

520.950  (5) 

531,000  (5) 

Total  indirect  AFC S  installation  cost 

5159.435 

562.514 

5237,100 

Pair:  boom  retrofit  cost  (4): 

5350.000 

5350,000 

5350.000 

TOTAL  INSTALLATED  COST: 

51.533.275 

51.143,623 

51.713.8C0 

(1)  Unless  ath«jr*ise  specified.  the  facers  were  taken  from  the  OAQPS  Manual 
(2}  OAGP3  Manual  RTO  capital  cost  assumptions  include: 

-  Costs  reported  are  1st  quarter  1989  Cellars:  conversion  data  from  OAQPS  manual  supplements 

-  "Formula:  S  *  (2204  X  tCS5)  *  1 1 .57Q 

-  Results:  1983  S  1995  S 

S3 9 9, 977  S81Q.414 

(3)  Auxiliary  equpm.en:  is  mcnttdnng  system 

(4)  Paint  bcctn  installation  data  Iren  Acurex  Environmental  Oesign  Group 

(5)  Manufacturers'  estimated  cost 


OPERATING  COSTS  (1) 

_ gr&&QfiflPS  data.g).f3l 


APCS 

Sercricity  (4) 

135 

kW  (3) 

S/hr 

58.15 

S/yr 

524.442 

Natural  gas  (5) 

3.37 

MStu/hr 

515.88 

559,700 

Mcir.tenance  (6) 

4 

hr/wk 

520.00 

54.000 

Miscellaneous 

55.000 

5/yr 

•55,000 

Pair:  Booths 

Maintenance  later  (6)( 

8 

hr/wk 

520.00 

58.000 

Ei*CL-icty  (4)  (0) 

3S.4 

kW 

52.36 

57,092 

TOTAL  ANNUAL  OPERATING  COST: 

5108.234 

RTO  Vendor  f2' _ 1 _ SgtatfRgCUP  Ycndgf  £31001 — 


$/hr 

S/yr 

5/hr 

S/yr 

113 

kW  (8) 

56.78 

520,340 

65 

kW  (8) 

54 

SI  1,700 

3.97 

MBtu/hr  (8 

515.88 

554.005 

204 

MBtu/hr  (8 

S3 

S42.84Q 

4 

hr/wk 

520.00 

54.000 

4 

hnWk 

520 

54,000 

55.000 

s/yr 

55,000 

57,500 

S/yr  (3) 

57,500 

50 

8 

hr/wk 

520.00 

58,000 

8 

hr/wk 

520.00 

53.000 

39.4 

kW 

S2.36 

57,092 

39.4 

kW 

52.25 

57.092 

598,437 

531,132 

(1)  Sooths  operate  10  hours/day.  6  daysw^ek,  50  weeks/ye3r 

(2)  RTO  Vender  assumptions  for  standard  and  startup  operations: 

RTO  operates  it  95%  thermal  efficiency  10  hrs/day 

RTO  operates  adciticna!  45  min/day  (g  fLU  fire  (6.7  MBTu/hr)  5  days  per  week 
RTO  operates  idditicnal  1  hr/d ay(g  full  fire  (6.7  MBTu/hr)  1  day  per  week 
(last  two  items  adds  anual  n  g.  cost  factor  of  (S/M8tu’S.7M  8tu/hr)*S0*[(5*45/60)  *  1J 
OAQPS  Mmual  Assumptions  for  standard  and  start-up  operations: 

RTO  operates  3t  95%  thermal  efficiency  10  hrs/day 

RTC  operates  idditicnal  1.5  hour  per  day  <g  full  fire  (6.7  MBTu/hr) 

(3)  Additional  OAQPS  Manual  assumptions: 

14  inch  pressure  drop  through  system 
fan/motor  efficiency  is  50%  (e) 

eteesnery  calculated  from  the  formula:  1.14£-4*Q*dp/e 

(4)  Eiectncty  is  50.06/kWhr 

(5)  The  fallowing  assumptions  apply  to  all  centre!  systems  data  sets: 

Natural  gas  is  34/Mtitu 
Oxidizer  operated  at  1550? 

Heat  capacity  of  atr  is  0.255  Etu/ipr.  density  is  0.0739  Ib/scf 
Intake  air  is  at  an  avertig*  temperature  of  70F 
There  is  no  fuel  value  in  exhaust  gas 

(6)  Maintenance  labor  is  520 /hr 

(7)  Maintenance  items  such  as  filter  replacement  are  the  same  for  recirculating  &  ncn-rearculating  booths  and  are  therefore  not  included 
(3)  Manuftictuiers'  estimate 

(9)  Faint  booth  ooerating  data  from  Acurex  Environmental  energy  audit/estimate:  Booths  14  2  operated  simultaneously  in  final  configuration 
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Tablci  34.  Emission  Control  System  Installation/Operating  Costs  at  ra7min  (1 16.000  dm). 


COSTS  - 118.000  cfm,  Soottv,  11J  onty  In  tfc.fr  original  configuration 

RTO  -  OAQPS  data  (2) 
S1.3C9.045  (1) 

S5Q.Q0Q  (3) 

332.952 

374.352  (4%)(t) 
32.025.359 

RTO  Vendor  data 

51213200  (5) 

550. 0C0  (3) 

563.160 

574,362  (OAQPS  Value) 
51,400.722 

RotcriRecup  Vendor  data 
31.320.000 
350.000  (3) 
368.500 

154.300 

31.493.200 

351.054  (4%)(1) 

3101.318  (5%)(1) 

3101.318  (5%)(1) 

310.132  (0.05%)(1) 
3293.822 

581,054  (OAOPS  Value) 

560200  (5) 

5101.315  (OAQPS  Value) 

510.132  (OAQPS  Value) 

5252.704 

359.732 

374.655 

574.665 

57.467 

5215423 

331.054  (4%)  (1) 

340.527  (2%)  (1) 

3101,315  (5%)  (1) 

540.527  (2%)  (1) 

320264  (1%)(1> 

360.791  (3%)(1) 

5344.481 

526.785  (5) 

(included) 

(included) 

540.527  (OAQPS  Value) 

520264  (OAQPS  Value) 

541.300  (5) 

5128.876 

5480.000  (5) 

(included) 

fnduded) 

529.866 

514,933 

5*4.799 

5569.598 

50 

50 

SO 

32.554.652 

51.782.302 

52273.427 

Pu' chased  APCS  Equipment  Coat 
Control  ecuipment  capital 
Auxiliary  equipment 
Sales  tax  (5%)  (1) 

Freight 

Tctal  APCS  capital  coat 

Direct  APC-S  Installation  Costs 
Foundation  &  Supports 
Handling  &  Enaction 
E*  ectncal  ,1  Piping 
Insulation  (.05%)  (1) 

Total  Oirec:  APCS  Installation  Cost 

Indirect  APCS  L-istaflation  Costs 
Engineering 

Construcion/fieW  expenses 
Contractors  fees 
S ‘.art-up 

P  erfcrmance  test 
Contingencies 

Total  indirect  APCS  installation  cost 

Pa-nt  booth  retrofit  cost  (4): 

TOTAL  INSTALLATED  COST: 

<1}  ^ rN"se  tors  were  taken  from  the  OAQPS  Manual 

(7)  OACF'S  Manual  RTO  capital  ccs: -assumptions  indude: 

-  Costs  reported  are  1st  quarter  1939  Cellars:  conversion  data  from  OAQPS  manual  supplements 

-  Fcrm-jla:  -  5  a  (2204  x  tOEs)  ♦  11.57Q 

-Results:  1989  3  isg5  5 

51.562.520  51.303.045 

w)  Auxiliary  equip  mem  is  monitoring  system 

W  Paint  scow  installation  data  from  Acurox  Environmental  Cesign  Group 
(')  Manufacrurers*  estimate  for  system  cost. 

OPERATING  COSTS  (1) 

APCS 

Eecrtcty  (4)  3e 

Natural  gas  (5)  1Q 

Maintenance  (5) 

Miscellaneous  S10.0C 

Pant  Booths 

Maimenance  labor  (6)(T) 

Ew-ccTcr/(4)(9)  97. 

TOTAL  ANNUAL  OPERATING  COST: 


__.0-  OAQPS  &13J21  Q1 


Vyr 


_PTQ  Vender  p) 


kW(3) 

MBtu/hr 

hifwk 

s/yr 

522.80 

541.45 

520.00 

568.403 

5154.488 

54.000 

510.000 

282 

10.50 

4 

510.000 

kW  (8) 
MBtu/hr  (8 
hfrwk 

S/yr 

hrfwfc 

kW 

520.00 

55.87 

58.000 

517,622 

a 

97.9 

hr/ wk 
kW 

5262.513 

S/hr 
516.92 

S42.0t  ; 
520 


S/yr 

550.760 

5145,135 

54.000 

510.000 


5/hr  S/yr 

165  kW  (8)  510  530.225 

4.95  M8tu/hr(8  520  5103.950 

4  hr/wk  520  54. C00 


520  55,000 

56  517,622 

5235,520 


510.CC0  S/yr 


5  hr/wk 
97.9  kW 


5 10,300 


SCO 

S6 


(1)  Bocths  operate  10  hours/day.  6  days/week.  50  weeks/year 

(2)  RTO  Assumptions  for  standard  and  sartuo  operations: 

RTO  operates  at  95%  thermal  efficiency  10  hrs/day 

RTO  operates  addtionai  45  mtn/day  ©full  fire  <20.1  MStu/hr)  £  days  per  week 
RTO  operates  adddcnal  1  hour/day<©  fufl  fire  (20.1  M8Tu/hr)  Iday  per  week 

Pasi  ^  *ems  zcc*  anu:U  rt-3-  co«  factor  of  (S/Stu-20.1  Btumr) *50/0.05 1(5 ‘45/60)  *  II 
C^OPS  Assumptions  for  sw-icarc  and  startup  conditions  1 

RTO  operates  at  95%  thermal  efficiency  10  hrs/day 
1  operat“  a<5t2ro°nal  1.5  hr  per  day  ©  full  fire  (20.1  MBtu/hr) 

(»)  Ad^uonal  OAQPS  Manual  assumcoons: 

14  inch  pressure  drop  through  system 
fan/motor  effiaency  is  50%  (e) 
etedhdry  calculated  from  the  formula:  1.14H-4*Q*dn/e 
Electnery  s  S0.06/kWhr 

The  fellow ng  assumptions  apply  to  ai  control  systems  data  sets* 

Natural  gas  is  54/Mfctu 
Oxidiz-r  operated  at  1650F 

Hear  capacity  of  air  is  0.255  BturlCF;  density  is  0.0739  tb/sef 
Intake  air  is  at  an  average  temperature  of  70F 
Them  is  no  fuel  value  in  exhaust  gas 
.  Maintenance  labor  is  S2G/hr 

$  “  *"  re=acemeffl  am  me  “ma  ,ar  rTOrajU6n5  4  ""westing  booth,  and  am  ther*^  * 

7 xof  audrt/Mtimate:  Booth,  ,  4  2  eperm*  ^uttanoo^  h  enginl  cation 


5v:oo 
sir  322 

5173.737 


(') 

(5) 


(6) 
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Table  35.  Emission  Control  System  Installation/ Operating  Costs  at  4,064  m1 2 3 4 5 * 7/min  (143,500  cfm). 


INITIAL  CAPITAL  AND  INSTALLATION  COSTS  -  IAS, 500  cfm.  Booths  1,  2,  and  3  operated  simultaneously  In  their  original  configuration 


Purchased  APCS  Equipment  Coat 
Control  equipment  capital 
Auxi&iar*  equipment 
Sates  tax  (5%)  (1). 

Freight 

Total  APCS  capital  cost 


RTO  -  OAQPS  data  (2) 
52.177,419  (1) 

350.CCO  (3) 
3111,371 
339.097  (4%)(1) 
32.427.837 


RTO  Vendor  data 
31,535.700  (5) 

350.000  (3) 

331.735 

389.097  (OAQPS  Value) 
31.306.532 


Rctor/Recup  Vendor  data 
31.6CO.CCO  (5) 
SSC.CC0  (3) 
332.5C0 
366.000  (5) 
31.793.5C0 


Direct  APCS  Installation  Costs 
Pxindation  3  Supports  (4%)  (1) 
Handling  &  Erection  (5%)  (1) 
E'ecricai  3  Piping  (5%)  (1) 
Insulation 

Tciai  Dined  APCS  Installation  Cost 


397.115  (4%)(1) 

3121.394  (5%X1) 

3121.394  {5%XD 
312.139  (Q.05%)(1) 

3252.044 


397.115  (OAQPS  Value) 
380.200  (5) 

3121.394  (OAQPS  Value) 
312.139  (OAQPS  Value) 
3310.848 


371.940  (5) 

389.925  (5) 

383.925  (5) 
58.993  (5) 

3250.733 


Indired  APCS  Installation  Costs 
Engine— ring 

Ccnstruction/fidd  expenses 
Contraecrs  fees 
Start-up  (2%)  (1) 

Performance  test  (1%)  (1) 
Contingencies  (3%)  (1) 

Total  indirect  APCS  installation  cast 


397.115  (4%)(1) 

348.558  (2%)<1) 
3121,394  (5%)  (1) 

348.558  (2%)  (1) 
324,279  (1%){1) 
372.337  (3%)  (1) 

3412.741 


535.500  (5) 

(induded) 

(included) 

348.558  (OAQPS  Value) 
324.279  (OAQPS  Value) 

353.500  (S) 

3161,837 


S430.CC0  (5) 
(induded) 
(induded) 
335570  (5) 
317.985  (5) 
353.955  (5) 
3537,910 


Psnt  bcotft  retrofit  cost  (4): 


50 


30 


SO 


TOTAL.  INSTALUV7ED  COST:  33.192, S72 


32.279.257 


32.597.133 


(1 )  Unless  otherwise  specified,  the  facers  were  taken  from  the  OAQPS  Manual 

(2)  OAQPS  Manual  RTO  capital  cost  assumptions  indude: 

-  Cesu  resorted  are  1st  quarter  1989  dollars:  conversion  data  from  OAQPS  manual  supplements 

-  Formula:  3  =  (2-204  X  10E5)  *  11.57Q 

-  Results:  1S8S3  1995  3 

31.880.S95  32.177.419 
(2)  Auxiliary  equipment  is  monitoring  system 

(4 )  ?3int  booth  installation  data  .Tom  Acurex  Environmental  Design  Group 

(5)  Manufacturers’  estimate  for  system  cosl 


OPERATING  COSTS  (1) 


^7.Q^AQ£5-gaai2LQi 


APCS 

S/hr 

S/yr 

cechcrty  (4) 

470.1 

kW 

323.21 

384,619 

Natural  gas  (5) 

12.3 

MStu/hr 

S51-27 

3191.314 

Maintenance  (6) 

4 

hrrwk 

320.00 

34.000 

Miscellaneous 

S15.CQ0 

siy 

315.000 

Pamt  9ocths 

Maintenance  Libor  (6X7) 

8 

hr/wk 

320.00 

38.000 

E  (4)  (3) 

133.3 

kW 

56.20 

318.554 

TOTAL  ANNUAL  OPERATING  COST: 

3321.527 

RIQ  VsntfqrJZ) _ EctctfRecin  Vender  tttt  L01 


S/hr 

S/yr 

3/hr 

S/yr 

360 

kW  (8) 

321.60 

364. SCO 

207 

kW(8) 

312 

537,260 

13.11 

M8tumr  (8  352.42  3181.022 

6.40 

MBtu/hr  (8 

326 

3134.400 

4 

hr/wfc 

520 

34,000 

4 

hnV.k 

320 

34.000 

315.000 

S/yr 

315.000 

320 .000 

S/yr 

320.000 

8 

hrfwk 

520.00 

38,000 

8 

hrrwk 

320.C0 

33,000 

103.3 

kW 

36.20 

■318,594 

103.3 

kW 

56.20 

313,594 

3291.416 

3222.254 

(1)  Bccths  operate  10  hours/day.  5  days/week,  50  weeks/year 

(2)  RTO  Assumptions  for  standard  and  startup  operations: 

RTO  operates  at  95%  thermal  efficiency  10  hrs/day 

°TQ  operates  3d  crenel  4<  ml-,  day  f-JI  fire  (25  .VSSuftr)  5  days  per -week 
RTO  operates  accncnai  !  houscay®  full  fire  (25  M87u/hr)  Iday  per  week 
(last  two  items  adds  anuai  n.g.  cost  facer  of  (ZJBlum2S  8tu/hr)*SO/0.aSt(5,,45/60)  ♦  1] 

OAQPS  Assumotions  for  standard  and  startup  conditions 

RTO  operates  at  95%  thermal  efficiency  10  hrs/day 

RTO  operates  additional  1.5  hr  per  day  ®  full  fire  (25  MBtu/hr) 

(2)  Additional  OAQPS  Manual  assumptions: 

14  inch  pressure  drop  through  system 

fan/motor  efficency  is  50%  (e) 

deenciy  calculated  from  tne  formula:  1.146-4*Q*dp/e 

(4)  E-ectndty  ;s  S0.C6/kWhr 

(5 )  The  fellow ng  assumptions  aoply  to  al  control  systems  data  sets: 

Natural  gas  is  34A4btu 
Oxrdieer  operated  at  16S0F 

Heat  cagacty  of  air  is  C.255  3tu/lbF;  density  is  0.0739  Ib/scd 
Intake  air  is  at  an  average  temperature  of  70F 
Then*  is  no  fuel  value  in  exhaust  gas 
(8 }  Maintenance  lador  is  320 /hr 

(7)  Maintenance  items  such  as  fi.ter  replacement  are  the  same  for  reorcutating  8  noo-recrculating  booths  and  are  therefore  net  induded 
(£)  Manufacturers'  esnmate 

(5*)  Paint  !»otn  operating  data  from  Acurex  Environmental  energy  audrt/estimate;  Sooths  1.243  operated  simultaneously  in  cngtnal  configuration 
( t  C)  Rotor  concentrator  achieves  a  10:1  volume  reducuon 
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Control  Technology 
Cost  Elements 

(assumes  a  12  year  equipment  life) 


1,176  m3/min 
(41,450  cfm) 
Final  Configuration 

(Booths  1  &  2  operating) 


Regenerative  Thermal  Oxidizer 

Paint  Booth  Modification  Design 
and  Installation  Costs 

RTO  System  Capital  and 
Installation  Cost 

Booth  +  RTO  System  Annual 
Operating  Costs 

Total  System  Equivalent  Uniform 
|  Annual  Cash  Flow  (EUAC) 


Paint  Booth  Modification  Design 
and  Installation  Costs 

Rotor/Recup  System  Capital  and 
Installation  Costs 

Booth  +  Rotor/Recup  System 
Annual  Operating  Cost 

Total  System  Equivalent  Uniform 
Annual  Cash  Flow  (EUAC) 


Paint  Booth  Modification  Design 
&  Installation  Costs 

RTO  System  Capital  and 
Installation  Cost 


Operating  Scenario 

3,285  m3/min 
(1 16,000  cfm) 
Initial  Configuration 

(Booths  1  &  2  operating) 


4,064  m3/min 
(143,500  cfm) 
Initial  Configuration 

(Booths  1 , 2  &  3  operating) 


$  0 

$  0 

- -  I 

3>  /93,625 

$1,782,300 

$2,279,270 

$  98,437 

$  235,520 

$  291,420 

$  250,190 

$  473,000 

$  593,870 

$  350,000 


$1,233,300 
$  108,230 


$ 


0 


$2,664,660 


$  262,500 


$  616,100 


Total  System  Equivalent  Uniform  I  $  318  330 
[Annual^ash^low'  (EUAC)  I _ ’ 

only  the  cost  of  retrofitting  Boolhs  1  ami  2  are  mclnded  for  this  scenario’ 


$  0 

$  0 

$2,279,400 

J 

$2,597,200 

$  81,130 

$  173,790 

$  222,250 

$  476,000 

$  566,880 

for  Regenerative  Thermal  Oxidizer 

$3,192,670 


$  321,500 


$  745,180 
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SECTION  8 

ENGINEERING  CONCLUSIONS  AND  RECOMMENDATIONS 


•  ,T,he  summarized  in  Preceding  sections  provide  compelling  evidence  that 
recirculation/flow  partitioning  and  other  ventilation  system  enhancementsVovide  a  safe  and 
efficen.  means  of  reducing  VOC  emission  control  costs  for  militoy  p^ta  spray  tothf 

8.1  PROGRAM  CONCLUSIONS 

nrmmmyir  mfo™atIonucollected  for  this  spray  booth  recirculation  technology  demonstration 
nrjf  f  emonstrates  th®  successfol  application  of  various  innovative  technologies  at  a  high 
production  maintenance  facility  and  leads  to  the  following  conclusions:  §  “§h 

,he  Presence  of  hazardous  constituent  compounds  in  the 
vramty  of  the  booth  operators  can  be  attributed  to  the  air  flow  conditions  in  the 
bc«ft  the  target  configuration,  and  the  spray  pattern  created  by  the  paint  application 
system  The  combination  of  these  parameters  tends  to  create  a  "cloud"  of  over  sDrav 

1“"' Vap0r'  which  oft“  creates  conditions  in  the  ^cinity  rffte 
painter  in  which  the  OSHA  Factor  exceeds  unity  For  this  reason  booth  operators 

TtePhZlnurS,T'  Pr0te<f ive  “rt—  <PPE)  to  ensure  safe  working  conditions 
hase  HI  test  data  conclusively  demonstrate  that  recirculation  does  not  cause  an 
increase  in  concentrations  in  this  over  spray  "cloud,”  and  therefore  does  notOTe  a 
deterioration  of  working  conditions  in  the  booth  [details  provided  in  Section  6] 

For  paint  booth  ventilation  systems  where  standard  engineering  and  administrative 

a“ftm  (Sfs  mi!  r  19!°'  100°:  !‘  e”  a  si^la  *“  -n.ila.ion  system  ra!ed 
rpm  1 58. 1 8  m/h)  linear  velocity, }  are  not  sufficient  to  achieve  compliance 

wi  wor  er  exposure  requirements.  Personal  protective  equipment  (PPE)  should  be 

employed  to  ensure  safe  working  conditions.  Moreover,  as  indicated  in  Section  s 

circulation  m  file  MCLB  paint  booths  does  not  have  a  measurable  effect  ™  ffie 

specific  constituent  concentrations  in  the  worker  vicinity.  Test  data  indicate  that  the 

CLB  recirculation  systems  did  not  increase  odor.  Protective  respiratoiy  equipment 

was  required I  pnor  to  modifying  the  booths,  and  was  still  required  after  modification 
details  provided  in  Sections  4  and  6.  m  cauon. 

The  PPE  systems  currently  employed  in  the  MCLB  paint  booths  have  assigned 
protection  factors  of  10  (cartridge  respirators)  and  25  (hooded  air-line  respirators). 
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ir :tueM  con— >-  ^ 

’  based O"  8-hour OSHA PELs, 

booths  for  8  hours  per  dav  The  tvnical  urr  R°°th  0perators  aPP]y  Pamt  in  the 
hour  day  ,ha,  an  ,nZZ  ^  <"  24 

paniculate)  do  not  exceed  4-5  hours  a  <tey.  ThereLTctomSHA  F 'T  ^ 

'  StsSST—-* 

demonstrate  that  an  avemce  OSHA  F^  r  Th*  B°°,h  1  and  2  resulte 

==^-Sa??‘r“- 

consideration  the  intake  air  owa  v  e/re.s^  ma^e*uP  air  are  taken  into 

With  the  Simw^bv  CalCUla,ed  for  a"  three  booths  conform 

Section  «].  ^  d  by  Eq  1  ^  a  mar«m  of  at  'oast  40%  [details  provided  in 

a‘  *!  ^LB  pain,  booth 

system.  This  is  particularly  true  for  Booths  7  a  ?C  r®cl^cuJat,on/flow  Partition 
decrease  in  conMntrations^n/e^the^S^om  tevef[details  provided  In  Section  6], 

c^mpTan^hfelSo2 Ve"tilatl°"  **'“  prw'd«  a  “-ns  of  ensunng 
CFR  1910  94 ’white  Zllrr™R0W  ra,e  re<iuiremente  mandated  under  29 
the  lowest  possible  Ievdll]^lrn<honthredU*'Tn8'Ven*dat'0n  S*stem  dect™a'  usage  to 

al7oS,h^ 
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ldu£d^n,fT  "e  0,h  2  and  ins,allin6  ^  fans  successfully 

more  thun  Sl  "/  wT  concenttf  °” in  the  ™inity  of  the  paint  booth  operator  by 
*an  “  ,  J  decrease  ,s  d0“M«*ly  due  to  the  elimination  of  lateral  flow 
patterns,  inertial  flow  entrance  losses,  and  inconsistent  flow  profiles  commonly  found 
in  open  or  partially  closed  paint  facilities  equipped  with  fixed-drive  fans. 

High  performance  particulate  filtration  systems  are  capable  of  reducing  paint 
over  spray  particulate  in  the  paint  booth  exhaust.  However,  the  Phase  ID  test 
results  indicate  the  presence  of  trace  levels  of  hexavalent  chrome  in  the 
recirculation  ducts  downstream  of  the  exhaust  filters.  It  therefore  appears  that 
the  3-stage  system  may  not  achieve  quite  the  filtration  efficiency  desired 
The  manufacturer  maintains  that  the  presence  of  hexavalent  chrome  detected 
in  the  recirculation  duct  is  attributed  to  leakage  around  the  third  stage  and 
a  future  design  changes  will  improve  the  filter  sealing  characteristics. 
k°AUf,h  pres,enf  of  hexavalent  chrome  impacts  significantly  to  the 
OSHA  Factors  cakulated  for  the  Booth  2  and  3  recirculation  ducts  prior  to 
addition  of  the  dilution  air,  it  is  does  not  occur  in  sufficiently  high 
concentrations  to  cause  the  calculated  intake  air  to  exceed  the  OSHA  safety 
evel  established  by  Equation  2  [details  provided  in  Section  6], 

To  minimize  plenum  zone  leakage  and  ensure  separation  between  the  high 
concentration  air  sbeam  (vented  to  the  APCS)  and  the  low  concentration  air  stream 

plenum, s“^nt°  ^  "  effide“  seaI around  the  !»*“« 


A  detailed  ventilation  system  performance  evaluation  was  performed  over  the  7 
month  period  following  the  Phase  HI  test.  During  this  evaluation,  tremendous 
anations  were  noted  with  respect  to  painter  technique,  ability,  and  coating  usage  In 
several  instances  some  painting  techniques  cause  unnecessaty  conversions  to  single- 

Multiple  paint  spray  booths  equipped  with  recirculation/flow  partitioning  and  in  high 

mfhSlth"  '".'TIT'*  0perate  us,"«  most  conventional  or  innovative  APCS® 
Sections]  ^  APCS  operat,ons  musl  are  Properly  integrated  [details  provided  in 

^  adfPted  and  Pr°8rammed  t0  serve  effectively  as  a  safety  monitor  for 
paint  booth  recirculation  system  applications.  The  FTIR  instrument  has 

demonstrated  short  term  success  in  obtaining  accurate  and  reliable  speciated  organic 
concentration  data.  The  long  term  applicability  of  FTIR  instrumentation  in  this  § 
application  is  yet  to  be  determined  [details  provided  in  Sections  2  and  6] 
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8.2  PROGRAM  RECOMMENDATIONS 

obtained  ftom MWmc  "*  reS“'tS 

^ustnal  and  military  paint  booth  facilities  should  consider  recirculatim,  nc  * 

factor  .ha,  may  be  reasonabiraccommodated  Fo™ie  bmh  SZI  Pr°teCti°n 
resfnrators  and  hooded  air-line  respirators  may  be  used  in  the  MCLB  booths  th 
hooded  air-lme  respirator  affords  a  higher  level  of  protection  than  th^^i  Y  he 
respirator.  Use  of  the  hooded  air-line  respirator  should  be  ** 

not  occur  ui  the  recirculating  stream  intake  air.  OSHA  llm,ts- do 

A  painter  training  program  will  reduce  paint  both  operating  delays  as  well  as 
enhance  facility  operating  efficiencies  by  reducing  facility  labo/and  Zllg  usage. 
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SECTION  9 

SUMMARY  OF  QUALITY  ASSURANCE/QUALITY  CONTROL  RESULTS 


E“  TeClm0l°^  «  Progl  The  La.. 

^th  a  hriIflQ  QLC  effTt  U°dertaken  for  this  P^am  are  summarized  in  this  section  along 
bnef  description  of  the  data  quality  analysis  procedures  that  were  implemented  The  § 

following  subsections  briefly  address  the  overall  quality  of  data  achieved  andTrovide  hfchL* 

o  pnnmpa  QA/QC  issues  considered  during  the  Baseline  and  Demonstration  Studies  A  § 

Perf°mied  ^ the  Section  of  the 

fcPA  APPCD  Quality  Assurance  Officer  (QAO)  during  the  Demonstration  Study. 

9.1  OVERALL  DATA  QUALITY  AND  CRITICAL  MEASUREMENT  QUALITY 

Nearly  all  the  objectives  established  for  the  Data  Quality  Indicators  <T>On  were  m,t  f™ 

™SineH^Se  nand  thC  Techn°logy  Dem°nstration  (Phase  ffi)  portions  of  the 

Demonstration  Program.  As  indicated  in  the  Technology 

(QAPjP)  SUbmitted  t0  the  E^A  QAO  m 

August  1995,  the  most  critical  measurements  in  the  EPA/USMC  Program  were  the  hazardous 
const, tuentconcentratjons  in  the  recirculated  stream.  These  data  are  necessary  to  demonstrate 
hat,  under  high  throughput  (worst  case)  conditions,  the  calculated  OSHA  factor  in  the 
recirculated  stream  does  not  exceed  0.5.  The  DQI  objectives  specified  for  the  recirculation  duct 
measurements  were  selected  to  ensure  an  adequate  safety  mar^  in  this  calcuMon 

All  of  the  recirculation  duct  measurement  DQI  objectives  were  met  or  excp^H  ™ th  th~ 
exception  of  the  accuracy  level  for  hexamethylene  diisocyanate  (HDI)  The  results  of  a  multi 

toltlnw  reC°Veiy  ana,ySiS  f0F  the  EPA  Draft  Is°cyanate  sLpfmg  prSm  in^ted 
125/o  recovery  was  achieved  at  the  low  concentration  range  (1.0  ug)  but  only  64% 

recovery  was  achieved  at  higher  spikant  concentrations  (10  -  50  /ug).  Fortunately  the  majoritv 

hfJh  6  TrcuIatl0n  dUGt  mi  concentrations  were  found  at  or  below  the  detection  level  thus  toe 
high  Spike,  recovery  factor  is  applicable  to  the  field  test  results  obtained.  It  may  therefore  be 

esul  s‘  toe SnitT  ^  broad  measurement  accuracy  range  indicated  by  th l slavery 
results,  the  HDI  levels  measured  in  the  recirculation  ducts  are  perhaps  overpredictive  which 

yields  a  more  conservative  (safe)  OSHA  Factor.  In  summary,  all  the  QA/QC  results  obtained 

paintbotohs  lDeratC,rCUlf Venti,ation  systems  Stalled  on  the  Barstow  MCLB 
pamt  booths  operate  well  within  an  acceptable  margin  of  safety. 
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9.2  CALCULATION  OF  DATA  QUALITY  INDICATORS 


Baseline  andEtemonsnalion  StoSw^T*  C°nS'dered  in  Pla,min8  and  executing  the 


9.2.1  Accuracy 

ana.y,ef^)ContoCclea^n^mnphnglmt41amandSsuhsSenSSetl^,  1“"®  3  ^  «  »f  the  targe, 
the  field  samples  to  detelne8^™^"^**^  "*«  S™P<«  a'«ng  with 
provides  a  measure  of  the  sarrmlina  bias  which  icLl  f'  Th  percent  recovery  result 
The  percent  recovery  is  calculated  from  the  expression: UCe"  handling  and  analysis 


%  Recovery 


Spiked  Sample  Result  -  SpikedAmowu 
Spiked  Amount 


x  100 


tteT^r4TesarFta:i3HSF5°HSfFSr^T^^  - 

averaged  to  derive  fire  overall  percent  recover,  a,  Cfcfc  S"l^el 1*“  SamP'eS  "* 

the  sam^r^uhs^  putrh^hed  vafuet  obmir^frrniT^nufacture^ati3556356^  * 

9.2.2  Precision 

NIOSH  and  OSHA  samples  ^MMeddiroueh^ ?h°f measured  results.  Method  precision  for  the 
duplicate  samples  tha,  aSeS^SSnSu^v  ^  ana'ySis  °f  side-by-side 

dtese  duplicate  results  defines  dte  precision  limits,  and  is"  Slc^JJfrom.  d'fferenCe 


RPD 


X 


avg 


x  100 
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The  dynamic  nature  of  paint  booth  operations  may  cause  poor  reproducibility  in  some  of 
he  stde-by-stde  sample  results.  It  is  therefore  important  that  the  overalfChng  vthbZ  te 
aractenzed,  this  was  accomplished  for  the  Demonstration  Study  results  by  poolimt  the 

«r»hi  Z  Vo  "eS  °btamed  for  each  measurement  type  to  assess  an  overall  RPD  value  To 
«ab  ,sh  how  well  this  "pooled"  RPD  value  represents  actual  measurement  RPDs  fte  relativl 
standard  deviation  is  determined  according  to  the  following  equation: 


°RPD 


( RPD.  -  RPD  )2 
(n-  1) 


Rpn  P;T,n  0f  paint  density  and  percent  vo,atile  measurements  is  determined  from 
hT!  ,!i  if  duP1,cate  samples.  For  continuous  monitors;  instrument  precision  is  determined 
y  periodically  comparing  zero,  span,  and  reference  gas  response  results. 

9*2.3  Completeness 

Completeness  is  defined  as  the  ratio  of  the  number  of  valid  analytical  results  obtained  tn 

£  T  T  af  Samples  i"  test  matrix.  Causes  for  no.  prS  valldlalS 

reco!erlnC  Ude  fmP  6  °S$  ^  breakage’  mis-identification  of  samples,  or  errors  in  the  sample 
ecovery  or  analysis  procedures.  Completeness  is  derived  from  the  following  equation:  ? 


%C  =  Number  °f  Valid  Analytical  Result s  Obtained 
Total  Number  of  Proposed  Samples 


x  100 


9.2.4  Representativeness 

proper  b^  MCLB  ^  booth  operalions  raises  concerns  over 

proper  test  planning,  because  the  sampling  must  be  performed  in  such  a  way  as  to  preserve 

process  representativeness.  Moreover,  it  was  important  that  the  test  results  represent  a  relatively 

condifi^ns^Tn 1 TT  f°r  the  1,001118 10  enSUrC  subse^uent  safe  operation  under  worst  case 
dfi  °  To  achieve  conservative  and  representative  results,  all  the  sampling  events  were 

were  coS“  71 S 1”  “d  “  COati"8  ^  ^  ,hr°U8hp“' 
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II 


9.3 


SUMMARY  OF  BASELINE  STUDY  QA/QC  RESULTS 


during  the  measurements  collected 

sampling  and  analysis  results  are  provided  in  Append.* ^  1f°Jrmat,on  re,atinS  to  the 
data  quality  evaluation  effort.  A  Baseline  StudvOA/OT  °nS  ^  details  PertaininS  to  the 
Table  37,  which  indicates  the  SUmma,y  ,S  Provided  » 

parameter.  Measurement  parameters  that  exceed  the  DOW/'0?  ^  ^  measurenient 
The  DQI  objectives  were  taken  from  the  Category  III  OApV^  ^  ^  incilcated  *n  boldface, 
approved  by  the  EPA  QAO  prior  toMtog^  ““  ‘°  Md 

configuration  to  ensure  replicate  results  insofar  as  possible  Th”  Were  a[TanSed  *n  a  side-by-side 
42  precision  analysis  is  doubtlessly  due  to  sample  £Lt*t  ^  ™nab,hty  noted  in  the  OSHA 
expended  to  ensure  that  side-bv-side  samnlec  1?n’  ^though  considerable  effort  was 

sample  variab/h^could  wciu  for^n'thel^OSH  and  a'grtificant  level  of 

impact  of  sample  variability  a  lame  samnl^  of  d  (?.SHAJtest  methods.  To  counter  the 

face  measurements  from  the  Baseline  Studv  indicated  The  r£SU,tS  of  multiple  exhaust 
remain  fairly  consistent,  thus  it  may  be  conLdedXuhlTT tUem  Concentra,ion  Profiles 
redundancy  and  test  event  repetitions  to  neutralize  any  effects  oflndridd^l'sanpl^variabihty^6 

9.4  SUMMARY  OF  TECHNOLOGY  DEMONSTRATION  STUDY  QA/QC  RESULTS 

I^monsSs ““  S?n  A^r?,in?  “d  » ' obtained  for  the 

quality  evaluation  effort.  A  QA/QC  assessment  summf  tails.pertammS  ,0  the  data 

Study  is  provided  in  Table  38,  which  indicates  the  DOT  nh^t^  !fchno,08y  Demonstration 

parameter  as  well  as  the  results  obtained  Thp  m  ^  bjectlve  for  each  measurement 

objectives  are  indicated  in  boldface  The  DOI  parameters  which  exceed  the  DQI 

QAPjP  submitted  to  and  approved  by  2 EPA  OAollT  w"  ^ the  Cate^  ni 

y  ine  DAO  prior  to  initiating  any  test  activities. 

were  met.  The  fact  that  the  MOSH^JoO  ^?bIlshed  foij th®  Technology  Demonstration  Study 
attributed  to  sample  °UtSide  °f  the  obJective  is 

sampling  efforts  For  the  reasons  ment  ■  a  •  S’mi  ar  Prob,ems  for  the  Baseline  Study  OSHA  42 

NIOSH  7300  Prec*s^on  res^^^  weraH  progranfconclusions  is  rfe^^ble1^  *m^aCt  °^tbe 
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Table  37.  Summary  of  Data  Quality  Achieved  for  the  Phase  I  Baseline  Study 


0 


Averaged  over  an  compounds  considered;  actual  average  precision  KrU  tor  zinc  and  chrome  ranged  from  25%  to  40%. 
Averaged  over  all  compounds  considered;  actual  average  precision  RPD  for  all  compounds  ranged  from  9%  to  41%. 

Averaged  over  all  compounds  considered;  actual  average  method  bias  percentage  for  all  compounds  ranged  from  +7%  to  - 19%. 
This  analysis  was  not  performed. 

These  results  derived  from  Booth  1  data  only,  because  Booth  2  flow  rates  could  not  be  measured  via  EPA  Method  2. 


for  the  Phase  II  Technology  Demonstration  Study 


I 
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Method  provides compellfag”rMMtK  toevXate  tlKUllS  ol?fa,ned  for  ,he  EPA  Draft  Isocyanate 
detail.  This  is  partieuhrly  ap^Zate  m  of  ,h  7^,1  "f"  of  ,his  in  ™ore 

thus  the  sampling  and  anateis  procedures  are  nor  e  fa^t  that  *he  mel|K>d 's  still  in  draft  form, 
N-c  0Sf  this  variS^S 

srsasirr, “-st Fr-^ 

th.s  method  were  noted  during  the  sampling  and  analysis  actives  Sing  re'ated  “ 

2^“  '  TlK  iS0cyanate  train  sampling  solutions  were  prepared  in  the 

^ «-*  a  pra- 

£th  the  method  requirements.  The  sampfc  soluKsTre  ^S'SXtTl  2 

However,  all  the  blank  samples  from  Booths  1  and  2  indicated  SS  , 
approximately  10  times  the  detection  W*>1  •  •.  aicated  contamination  at 

the  field  samples  as  well  The  onlv  tmr  ’  d  ‘  ^ amounts  were  measured  in 
yet  the  reagents  and  samples  were  sS  fSay  from  ftle  n  “  .“f ,<>PCOat  ma,erial- 
Moreov^,  the  of  Jcyanates  cCXX™? 

it  is  a°reLi«“ felmSwMchT"4  SOUrce  is  unllte|y  Because 

about  potential interferents.d  “  ^  f°Und  wldesPread  use>  little  is  known 

results  indicate  ftatr^^Mb^recovetyefficiendesa^easil^  h^d^  7°°^ 

could  be  found,  but  fortunately  it  does  n^ap^ar  to^ 

concenfrafionT^^ld^f^^fi^th^B^^We^'  "  ^  «d  that  the  ^est  isocyanate 
exclusively  for  topcoat  aST,2?  r®cl^on  ducts,  because  Booth  1  is  used 

the  first  six  recirculation  duct  sampling  resultTfromBootlff t0  d^f 1  ITif 6  The  faCt  that 

duct  sampling  results  indicate  that  no  isoevanatec  1  °f  a  the  Booth  3  recirculation 

occur  largely  in  the  solid  phase  tin  the  nnl  •  fwere  Present  implies  that  1 )  the  isocyanates 
the  advanced'  “a" tha  »— «*  form);  and  2) 

presence  of  HDI  in  half  the  TWh  i  y  ,  lf  these  soIld  phase  isocyanates.  The 

detection  limit.  H  h  isocyanate  concentrations  are  at  the  method 
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9.5 


epa  field  audit  results 


conducted  a  field  audit.  TheEPA^teff^reDa/d11^’  ^  rT  (^ua,ity  Assurance  Office 
for  analysis  to  the  appropriate  laboratoty  with  tMel^^  Were  submitted 

analytical  results  that  were  obtained  forth.  r  S  •,  ptles  that  were  collected.  The 

also  submitted  are  summarized  in  Tables  39  and  40  “  25  ^5  38  the  standards  that  were 

sample  results  are  reported  in  Table  39.  He'™  «be°folZ™Cted  ^  C“  fidd  ** 

1}  ^  in  ™le 

provided  in  Appendix  D.  The  appropriate  recover  <2?*  raC0VCTy  sludy  results 
quantity  measured  in  the  spiked  samnle  For  ^  ctor  was  identified  based  on  the 

approximately  122  tig  of  k£k ”£L! 1  T”P ’ !  mdicate  that 

recover  obtmned  for  dte  333  « lab  U  leveSdV^SS^ 

2>  Placid, S  toenslire  ^£^2  "**??  *”  “*  *»  «« 
laboratory  was  insriucted  to  analyze  ah  ftont  1^7^  C?nStitue"«-  The 
the  back  tubes  only  if  the  front  tube  results  indict fimher  instnicted  to  analyze 
To  distinguish  iron,  tubes  from  back Ss 

suffix  "a”,  and  back  tubes  were  «» 

field  spike  samples  were  submitted  with  ,vwr  ?  b  '  Unfortunately,  the  EPA 

and  ”b"  suffixes,  thus  the  laborato^  only  analS ffie"fi that  included  <he  "a" 
With  an  "a".  This  oversight  was  nm  j  ?e  fie,d  sp,ke  samPles  denote 

samples  were  submitted8  Although  the  „g^1Zfd  111111  nearly  ^  months  after  the 
likely  that  the  results  obtained  from  tLseT^fie'h^  immediate,y.  #  is 

may  therefore  want  to  consider  disreeaidi™rt.e  d  f‘ke  Sarapl les  are  skewed.  EPA 

identified  as  B2PH4Plb  and  B2olm  8  rep0rted  f°r  ,he  sampfcs 

3)  smnTrdZ'to^S  ffiusTtTr  °f ,he  h—  cbrome 

4)  smnr ,o  ,he 

“  ^«meerZ,nC 

field  sampling  crew! mZTmZTI  V ^  "  H°WeVer'  dae  tp 
2  and  3  sampling  efforts  were  not  c,,fr  ■  m  racpons  collected  from  the  Booth 
chrome  and  zinc  ^  Sh^  OPb.  V  reC°V!Pred  ,0  aJ,ow  a"alysis  for  toml 
no,  include  total  ctae  °°61  ‘Kribmi  » *ha  &'d  samples  did 
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Table  39.  Summary  of  EPA  Field  Spike  and  Analysis  Results 


Sampling  Procedure 


EPA  Method  0061 


OSHA42 


EPA  Draft  Method 


NIOSH  7903 


B2PH4Pla 


Chrome 

Zinc 


B2PH4Plb'  J  Phosphoric  Acid 


MEK 

Ethyl  acetate 
n-Butanol 
MIBK 
Toluene 
Butyl  Acetate 
MIAK 
PGMEA 
Ethyl  benzene 
Xvlene 
TMB 

Hexyl  Acetate 
Benzyl  Alcohol 


MEK 

Ethyl  acetate 
n-Butanol 
MIBK 
Toluene 
Butyl  Acetate 
MIAK 
PGMEA 
Ethyl  benzene 
Xylene 
TMB 

Hexyl  Acetate 
Benzyl  Alcohol 


These  tubes  were  not  analyzed  with  original  group  of  samples.  See 


64.6 

195 

not  reported 
<7.5 
175 
102 
111 
<7.5 
215 
150 
170 
183 
<7.5 


comments  in  text. 
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Table  40.  Analytical  Results  of  EPA  Submitted  Standards. 


Method 

Analyte 

Analytical  Results 

EPA  0061 

Hexavalent  Chrome  1 

9.6  E+5  ug/L 

EPA  0060 

Total  Chrome 

Zinc 2 

8.6  mg 

Not  analyzed 

EP A  Draft  Isocyanate 

HDI 

No  results 

NIOSH  7903 

Phosphoric  Acid 

28  4  mg 

NIOSH  1300 

MEK 

Ethyl  acetate 
n-Butanol 

MIBK 

10.31  mg 

11.68  mg 
|  11.62  mg 

<1  *  ,,r. 

EPA  Method  25A 


Toluene 
Butyl  Acetate 
MIAK 
PGMEA 
Ethyl  benzene 
!  Xylene 
TMB 

Hexyl  Acetate 
Benzyl  Alcohol 

Propane 


See  comment  3  section  9.5. 
See  comment  4  section  9.5. 


1 1.31  mg 
11.94  mg 

<  7.5 
18.43  mg 
12.62  mg 
9.39  mg 
11.2  mg 
10.73  mg 

<  7-5 jxg 

97  ppm 
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